my 


COMBUSTION 


DEVOTED TO THE ADVANCEMENT OF STEAM PLANT DESIGN AND OPERATION, 


Cad 


View of lignite huruing unite at Sandew Plant of Tease Power : 
described on p. 34. Note the use of an all aluminum 


Burning Lignite and Chars in 


Criteria For Equipment Reliability 


Aix Preheat on Industrial Boilers 





NG” HELPS REBUILD AMERICA’S MERCHANT FLEET 


C-E participates 
' , The st effective way for the American Merchant Marine to com- 
n d ra mM at | C effo rts en alee a pHpiction neato orna —p sorte po cotati 


by replacing its older fleets with modern vessels—vessels which will 
take advantage of the tremendous advances of recent years in ship 


of U. S. sh | powners design, cargo handling and propulsion equipment Many American 


ship operators are doing just this 


to stem the tide Take Moore-McCormack Lines, for example. This company’s 
“new ships” program—including two new luxury cruise ships and 
many cargo vessels — provides for an expenditure of more than 
$430,000,000 over the next several years. Currently, seven cargo 


of obsolescence vessels, characterize d as the most modern cargo sh ips ever built,’ 


are under construction 


Reflecting the company’s goal of acquiring the most efficient 
equipment for its fleet, Mooremack has ordered 14 C-E Boilers to 
power these ships, one of which is pictured above. In so doing, they 
have assured themselves of the economies inherent in modern ma- 
rine boiler designs developed by C-E—designs proven on some of 
the finest cargo, passenger and naval vessels afloat 

Creative Engineering by C-E has advanced the art of steam 
generation wherever steam is used on land or sea and, most 
recently, in the field of atomic power—for the Navy's nuclear fleet 
and for commercial atomic plants 


> E " is the reason for the leader 
ship attained by C-E products. The products which bear 


this mark of leadership include COMBUSTION ENGINEERING ay 


all types of steam generating, fuel burning and related equip 
ment nuclear power systems paper mill equipment pul- Combustion Engineering Building, 200 Madison Avenue, New York 16, N. Y 
verizers flash drying systems pressure vessels soil pipe 
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Ready for 


Firebox, scotch-type, and package boilers Mechanical draft fans for induced Balanced-flow surface condensers for con- 
for heat, steam, and industrial power and forced draft duty in power plants densing turbo-generator exhaust steam. 


One / call hou all) 
/ eal for all 
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bids on power-plant equipment? 


YANG Ry: Do. rec 


aE Pa 


? 


Fluid drives for 
of feed-pump 


COMBUS 


Be sure one of them is from 


American-Standard Industrial Division 


HERE'S WHY: 


responsibility for quality and perform- 


You get one-source 
ance in equipment designed, en- 
gineered, and manufactured to work 
together. Combining three American- 
Standard* divisions—American Blower, 
Ross Heat Exchanger, Kewanee Boiler 


—the new Industrial Division encom- 


A 


adjustable-speed control 
flow and fan volume. 


* Amenican-Standard and Standard » are trademarks of American Radiator & Standard Sanitary Corporation, 


Dust collectors and precipitators for 
recovering fly ash, eliminating dust. 


passes the six major fields of air condi- 
tioning, heating, ventilating, heat trans- 
fer, dust collection, and fluid drives. 
Contact our nearest office. American- 
Standard Industrial Division, Detroit 
32, Michigan. In Canada: American- 
Standard Products (Canada) Limited, 


Toronto, Ontario. 


American-Standard 


INDUSTRIAL DIVISION 


AMERICAN BLOWER PRODUCTS «+ 
T IO N—July 1959 


ROSS PRODUCTS « 


KEWANEE PRODUCTS 





Standard and engineered heat exchangers 
and feedwater heaters for every duty. 


HANDWHEEL 
















YOKE BUSHING. 


GLAND-STUFFING BOX 


BONNET JOINT 


SEAT-DISK JOINT 


EDWARD FIG. 848 
GLOBE VALVE 
ILLUSTRATES 

VALVE SELECTION PRINCIPLES 


1 ANGLE VALVE 2 UNIVALVE*— Fig 3 BLOW-OFF VALVE—Fig 
Fig. 2699, 600 Ib at 2224, 1500 Ib. at 1050 F 641, strcightway valve (also 
9OOF (2000 Ib WOG (3600 ib WOG) or 2500 y. available as angle valve) 
with union bonnet, inside Ib at 1050 F (6000 Ib 300 Ib at 850 F 

WOG) with outside 600 Ib at 850 F 


screw, replaceable seat 


j 
knobbed handwheel, screw, Impactor* handle 1500 Ib at 


and screwed ends seal-welded bonnet, 850 F, with 
Sizes 4%" to 1”. integral seat and / integral Stellite 
socket welding en . $ 2'A seat, flanged 


ends, bolted bonnet. Sizes to 2". 





What’s New from Edward Valves 


New Products . 


.. Solutions to Problems . 


Long-Time Pioneer in the Field! 


. . Information on Steel Valves from Edward, 








HOW TO SELECT FORGED STEEL VALVES 


When you need forged steel 
globe or angle valves (24” and 
smaller) for high-pressure and/or 
high-temperature applications, 
you can save money on your in- 
stallations as well as reduce fu- 
ture maintenance expense by 
making sure you select the 
proper valve. Here are a few sug- 
gestions. 

VALVE CONSTRUCTION DETAILS 
(See large illustration, opposite page) 

Valve Handwheel or Handle should 
be large enough to operate valve 
easily. Wheel spokes help keep hand- 
wheel cool. Knobbed design permits 
tight grip even with greasy gloves. 
Impact type handle will be helpful in 
obtaining tight closure for valves 1! 


to 2’ in. 


Yoke Bushing material should be 
checked. High-strength aluminum 
bronzes are usually best. Look for 
omple thread engagement between 
bushing and yoke and between bush- 
ing and stem. 


Gland-Stuffing Box —Stuffing box 
with bolted gland assures good pack- 
ing compression; hinged bolts swing out 
of the way but don't get lost. Be sure 
to get stainless steel bolts for maximum 
resistance to rusting, and for easy ad- 
justment even after years of service. 
Packing chamber should be deep and 
not excessively wide. 


Bonnet Joint of bolted construction 
is easiest to work with. You can disas- 
semble and reassemble with pocket- 
size tools. Union bonnet is compact and 
usually less expensive for smaller valve 
sizes, but is not recommended for high 
temperatures. Bonnet gasket of soft 
iron performs well in most services but 
spiral wound metallic-asbestos gaskets 
are superior in high temperature serv- 
ices. For extreme pressure-temperature 
services welded bonnet joints for per- 
manent tightness are desirable. Seal- 


welded type bonnet has advantage 
over fully welded design because it 
permits disassembly and reassembly. 


Seat-Disk Joint—An integral hard- 
faced seat is generally regarded as 
superior to screwed seat construction 
because it eliminates body-seat leak- 
age and retains hardness under tem- 
perature. A hard faced disk or disk of 
special alloy is desirable in high tem- 
perature services; but 13 per cent 
chromium stainless steel is an excellent 
all purpose material below 750 F. 


Other Features to Evaluate — Valve 
compactness is important because you 
frequently find small piping loceted in 
crowded quarters. Inclined bonnet 
globe valves are less likely to erode 
due to high velocities—have less pres- 
sure loss. Valves of “inside screw" de- 
sign (stem threads below packing 
chamber) are usually lower priced and 
give good service where temperature 
is not too high and where line fluids 
are free of sediment. But, best design 
and materials are useless without ex- 
perienced workmanship and rigid 
quality control. 


VALVE APPLICATION SUGGESTIONS 
First, determine whether a 
standard valve will do the job 
before ordering expensive special 
designs. (Your Edward Repre- 
sentative can help you decide.) 
Often a slight modification of a 
standard valve, or a combination 
of standard valves, will do the 
job. Here are some facts about 
types of standard valves and their 
application: 


@ For many services, angle valves (illus- 
trated by valve #1) reduce installa- 
tion cost, minimize pressure drop, im- 
prove operational convenience. All 
Edward forged steel stop and stop- 
check valves from %” to 22” sizes 
are available in the angle version. 


@ For high temperature, Edward forged 
steel valves with seal-welded bon- 
nets (42) permanently maintain pres- 
sure tightness without periodic tight- 
ening of bonnet joints. 

For blow-off service, or wherever 
double valving is required, select sets 
of valves of the same basic type 
with hard-faced seating surface for 
dependability, longer life and inter- 
changeability of parts (#3). 

For permanent tightness, select an 
instrument valve (44) with corrosion- 
erosion resistant hard-faced seat or 
a valve with stainless steel body. 
Bonnetless design requires less main- 
tenance. 

Piston-type check valve (#5), avail- 
able with union, bolted, or seal- 
welded cover, is best for most serv- 
ices because it will seat tighter, has 
easily repairable seat face. 
Modern globe and angle stop valves 
(shown here) cre more dependable 
than gate valves where repeated 
drop-tight closures are required, may 
be used for approximate flow regu- 
lation and moderate throttling. 


YOUR EDWARD REPRESENTATIVE 
will be glad to give you the 
complete story on these features, 
plus the many other advantages 
of Edward valves—such as posi- 
tive, pressure-tight backseats, 
self-centering disks, special stem 
and paclhing materials, and 
many othprs. Edward builds a 
complete “ine of cast and forged 
steel valves for pressures to 
10,000 Ibs. For additional infor- 
mation write to Edward Valves, 
Inc., 1206 W. 145th Street, East 
Chicago, Indiana. Subsidiary of 
Rockwell Manufacturing Com- 
pany. Represented in Canada 
by Lytle Engineering Specialties, 
Ltd., 360 Notre Dame St., W., 
Montreal 1, Quebec. 








4 INSTRUMENT 
VALVE—Fig. 952Y, 
600 Ib or 2500 Ib 
at 850 F (6000 Ib 
WOG) with swing 
bolted gland, socket 
welding ends, no 
bonnet joint. 


Sizes 4" to 1”. 


5 CHECK VALVE--Fig. 5538, piston 
type, 1500 Ib at 1050 F (3600 

ib WOG) bolted bonnet, 

screwed ends, integral 

Stellite seat. Sizes 

Y%”" to 2”. 


*T.M. Reg. U.S. Pat. Off. 


EDWARD STEEL VALVE'’S 


RocKWweLL® 





Catalog 14 contains full data on the complete Edward 
line of forged and cast steel valves from 4" to 18”; in 
globe and angle stop, gate, non-return, check, blow-off, 
stop-check, relief, hydraulic, instrument, gage and special 
designs; for pressures up to 10,000 Ibs: with pressure-seal, 
bolted, union or welded bonnets, with screwed, welding 
or flanged ends. 





| DAMPNEY COATINGS 
LIVE WITH IT! 


True measure of a high-heat coating’s worth is continuous 
operation at rated temperature. Yet many so-called “heat- 
resistant” coatings take only occasional peaks — fail rapidly 
in ‘round-the-clock service. 


Dampney coatings are rated always for day in, day out opera- 
tion at maximum temperatures. Hold them to it, if schedules 
call for steady heat, or let them fluctuate to ambient and back. 
Either way, Dampney silicones and ceramics give you full 
protection — with pienty in reserve. 


Most important, Dampney coatings are selected to meet specific 
conditions of operation, temperature and corrosive environ- 
ment. Thus they establish a lasting foundation easily maintained 
and permanently ending time-consuming and costly surface 
preparation. 

Repeat orders — from a typical customer, 26 in 12 months for 
enough material to protect 1,929,000 square feet of steel — is 
the best evidence we have that when industry wants honest 
high-temperature coatings, it remembers Dampney silicones and 
ceramics, identified by the two trade names, DAMPNEY and 
THUR-MA-LOX. 


We suggest you do likewise when you want real protection — 
resistant to 1000°F., to atmospheric corrosion, and to weather 
exposure — for these industrial hot spots . . . 


stacks and breechings turbine interiors 
steam lines precipitators 
kilns coke ovens 
forced and induced draft fans incinerators 
heat-treating furnaces pulverizers 
autoclaves and retorts blast and open hearth furnaces 


Remember, too, the first Dampney trade name and product, 
known and used today the world around, APEXIOR 
NUMBER | for boiler interiors. For all hot metal, wet or dry, 
the best protection available is made and marketed by 





T H E 
MAINTENANCE 
FOR METAL . 
c oO M P AN Y 


HYDE PARK, BOSTON 36, MASSACHUSETTS 


Coatings for all temperatures to high heat — 
all corrosive environments. 
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“Buffalo” Airfoils are Available in Capacities in Excess 
of One-Half Million CFM, Pressures to 80" Water. 


“BUFFALO” AIRFOILS COST LESS TO OPERATE 
..,. REQUIRE LESS MAINTENANCE 


HERE'S WHY: If you are considering the use of 
airfoil fans for mechanical draft service, ponder these 


facts regarding the “Buffalo” Airfoil. 


With an extremely broad static efficiency curve, as com- 
pared to most competitive airfoil designs, the “Buffalo” 
Airfoil definitely costs less to operate. Major factors gov- 
erning this efficiency are—a completely streamlined inlet 
with inlet bell and wheel flange forming a true half-circle 

fixed or variable inlet vanes, where used, are placed 
well into the inlet throat to fully utilize horsepower reduc- 


ing spin developed by the vanes — generous inlet boxes 


with external bracing give low entry loss — airfoil wheel 
incorporates proper blade passages for best air-flow 
through the wheel—scroll shape lets air stream from blade 
passages to housing channel with greatest ease — diver- 


gent outlet provides optimum static regain from cut-off. 


his top efficiency, combined with the famous “Buffalo” 
“Q” Factor* Construction for a longer life with less 
maintenance, makes the “Buffalo” Airfoil best suited 
for this specialized service. For full details phone 
your Buffalo Engineering representative or write for 
Bulletin FD-905. 


* The “QO” Factor —the built-in Quality which provides trouble-free satisfaction and long life. 


BUFFALO FORGE COMPANY 


Buffaio, N. Y. 


Buffalo Pumps Division 


Buffalo, N. Y. 


Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


VENTILATING +» AIR CLEANING + AIR TEMPERING + INDUCED DRAFT + EXHAUSTING + FORCED DRAFT + COOLING + HEATING + PRESSURE BLOWING 
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re VERTICAL eames 


designed and built to meet your specific 


Ingersoll-Rand Class APM vertical pro- 
peller pumps offer many advantages for 
condenser circulating service. Vertical de- 
sign with submerged suction simplifies 
installation and piping... “Pull-Out” con- 
struction permits removal of the pumping 
element for inspection without disturbing 
the pump mounting or the discharge 
flange bolting ... Discharge can be located 
above or below floor level... Pumps are 
self-priming and have only one stuffing 
box — accessible from floor level and not 
under pressure ... Impeller clearances can 
be adjusted from top of driver, without 
disturbing piping...Available in capacities 
to 150,000 gpm, heads to 50 ft. per stage. 


The cost-saving features mentioned above are backed 
by excellent records of dependable, trouble-free serv- 
ice year after year. That’s why more and more power 
companies are specifying I-R Verticals for circulating 
and condensate service. Ask your I-R representative 
for complete details and specifications on the pumps 
best suited to your needs. 


8 











healed 


CIRCULATING 


and 


CONDENSATE 


<> application 


Class APHC vertical turbine-ty pe conden- 
sate pumps require very little floor space 
and permit simple, straight-through piping 
connections located either above or below 
floor level... Single, readily-accessible 
stuffing box and top-of-shaft adjustment 
for rotor clearances simplify maintenance 
and reduce down-time...All units are 
self-venting... Impellers are vertically 
stacked in from 1 to 9 stages, for heads to 
575 ft. and capacities to 3000 gpm. 


Ingersoll-Rand 


11 Broadway, New York 4, N.Y. 


COMPRESSORS + GAS & DIESEL ENGINES + AIR & ELECTRIC TOOLS 
CONDENSERS + PUMPS + ROCK DRILLS - VACUUM EQUIPMENT 
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HAGAN NEWSLETTER 


Behind the Panel 


CONTROLLED ATMOSPHERE FURNACE--WITH A CONTROLLED ATMOSPHERE 


Very special high silicon steel sheets, to be used for transformer cores, are annealed ina 
furnace using hydrogen as a reducing atmosphere to remove occluded moisture and other impuri- 
ties. A Hagan furnace pressure control system, specially designed for this application, has 
produced some interesting results. Tests have shown that, with Hagan's precision control, 
hydrogen flow can be reduced during certain times in the annealing cycle, with a consequent 
saving in hydrogen amounting to $12,000 annually, more than enough to pay for the controls the 
first year. But a much more important result is the general upgrading of product. In fact, 
recent checks have shown that quality of the product was improved by 200%. (Item G-1l) 


WASHDAY PROBLEM SOLVED .. . BY A HAGAN DUST COLLECTOR 4 


A college high in the Rockies was so situated that flyash from the boiler showered ane hehe 
valley. This was particularly undesirable on washdays, since staff residences were clusterbd 
around the college and up and down the valley. The problem had an easy solution--since — a 
54-tube Hagan Aerostatic Dust Collector was installed, the flyash menace to clean clothes } 
simply ceased. In fact, one resident said--for the first time in many years, we had white sjow 
this winter. Everyone is pleased, especially the college, since an electrostatic collector doing 
the same job would have cost 8 to 10 times as much as the Hagan unit. The principle of Selective 
Particle Acceleration, exclusive with Hagan, is the reason why Hagan dust collectors obtain 


remarkably high efficiencies, even with such finely divided dusts as fly ash. (Item G-2) 


DUAL CONTROLS IMPROVE BLAST FURNACE EFFICIENCY 


A modernization program for a blast furnace included the installation of a Hagan blast furnace 
blower control system. Designed to maintain a steady flow of blast air, the system has helped 
improve overall performance, and lower operating costs. Such results are to be expected from 
Hagan systems, but this particular installation differs from the average in one major aspect. 
The usual control panel is installed in the blower room, but an additional station is located 
in the cast house. This allows the cast house operator to take over direct control when 
desirable, and maintain the exact conditions required without the delay caused by signaling 
between cast house and blower room. This dual system has added much to the flexibility of the 
system and is credited with raising production. (Item G-3) 


METERING CHEMICAL FEEDS?--THIS METER IS ACCURATE OVER WIDE TURNDOWN 


At a large utility a Hagan Ring Balance meter was to be used to control the feed of lime 

and soda ash to their hot process lime softener. Because of extreme variations in flow, two 
line sizes were used in the meter run so that they could switch from a large to a small line 
when plant make-up requirements approached minimum rates. However, the small line proved to 
be inadequate. Rather than change lines, plant personnel decided to try operating over the 
full load range on the large line. The accuracy of the feed was checked by the plant chemist 
who would analyze the treated water to within 1 PPM. Chemicals used were also compared to the 
total volume of raw water. Both of these checks showed that the Hagan meter was holding the 
required chemical feed proportions within 1 PPM, even though loads frequently fell well 

below 10% of chart. (Item G-4) 


HAGAN CHEMICALS & CONTROLS, INC. 


Hagan Building, Room 705, Pittsburgh 30, Pennsylvania 
In Canada: Hagan Corporation (Canada) Limited, Toronto 
European Division: Via Flumendosa No. 13, Milano, Italy 


If you would like more information on any of the above items, check the appropriate box below. 


Item G-1l ] Item G-2 [) Item G-3 [] Item G-4 


401-1-66 HC-9-0262 
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At a key eastern power station Copes-Vulcan valves protect three boiler feed pumps in a recir- 
culation control system (left), and a motor operated valve is used in the feedwater by-pass line (right). 


Valves used in modern combustion control system. One 
diaphragm-operated valve is used as a single-seated fuel return 
control valve (left) while another controls the speed of the turbine 
driving the forced-draft fan (right). 


Efficient feedwater-flow control system uses a Type CV-D valve 
equipped with positioner, air lock, and emergency handwheel op- 
erator (left). Another diaphragm-operated valve trips automatically 
if fuel-oil line pressure drops below a safe limit (right). 


Copes-Vulcan Regulator Valves bring 
precision control to exacting jobs 


Designed for superior accuracy and long range 
dependability, Copes-Vulcan valves establish 
new standards of efficiency for pressure, tem- 
perature, flow, and level control. 

To assure trouble-free performance, Copes- 


Vulcan custom designs each valve to suit your 


most rigid control requirements. The kind of 


fluid——its flow, pressure, and temperature-—are 
all studied before a recommendation is made. 
Port area and style are selected on the basis of 


careful research. 


Copes-Vulcan Division 
BLAW- KNOX COMPANY 


The Copes-Vulcan line includes the following valves: 


Diaphragm valves (Type CV-D) provide greater 
versatility ... have excellent rangeability . . . 
may be direct or reverse acting. 


Piston-type valves (Type CV-P) offer simplicity 
of design . . . ideal where valve-operating force 
must be unusually high, where positioning must 
be precise. 


Nuclear valves for ships, atomic plants, and 
test reactors. Supplying valves for these ad- 
vanced projects offers proof of the acceptance 
of Copes-Vulcan’s skill and integrity. 


BLAWG 


Erie 4, Pennsylvania 
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Type CV-D (diaphragm-operated) valve serves 
a broad variety of cpplications in sizes up to 12 
inch. Optional features include: cooling fins and 
stuffing-box lubricator to maintain low friction over 
long packing life, auto-lock, top or side-mounted 
handwheel for emergency operation. 
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DESUPERHEATERS TO MEET EVERY NEED 


Carburetor desuperheaters permit 
final steam temperature to be as low 
as 10°F. above saturated-steam 
temperature at the stated pressure. 
Using a standard controller, final 
temperature may be held within 5°F. 
Write for Bulletin 1056. 





Variable-Orifice desuperheater is 
used where permanent pressure loss 
must be held to less than 5 psig on 
maximum load. It controls accurately 
over a 50 to 1 load range, needs 
no long runs of piping or spray 
nozzles. Write for Bulletin 1037. 


Also available: For intermediate control range of 15 to 100 per cent of 
maximum, an in-line Steam-Assist Desuperheater. Write for Bulletin 1024A. 


TEMPERATURE PROBE SPEEDS BOILER START-UP 


This probe determines furnace tem- 
perature from lighting off until unit 
is ready to go up to pressure and 
load. It registers its position as it 
indicates instantaneous temperatures 
to give the operator a constant check 
on potential hot spots that might 





os 


develop. Standard thermocouple, 
mounted on the end of the lance, is 
suitable for temperatures to 1850°F. 
The probe moves back and forth 
across the furnace at six feet per 
minute. It is available for travel up 
to 30 feet. Write for Bulletin 1048. 


EFFICIENT COMBUSTION CONTROL WITH 
PNEUMATIC CONTROL STATIONS 


The AM-4 selection station (left) in- 
dicates an automatic loading, or 
originates a manval loading. The 
AM-4 remote-set auto-manual sta- 
tion (right) gives manually-adjust- 
able set-point loading, or independ- 
ent manual operation. 

These are just two examples of a 


complete line of pneumatic control 
stations that offer simple avtomatic- 
to-manual selection without the com- 
plication of seal balance. They indi- 
cote process-variable, controller, 
ond manual loadings. Transfer is 
“bumpless” without process distur- 
bance. Write for Bulletin 1031. 





ADVANTAGES 0F POWELL 


Hinged gland bolts provide easy access to 
packing chamber. 





Bonnet studs are used to establish the 
initial seal of the gasket between the body 
and the bonnet. 





PUM 


Body studs hold the yoke arm to the body. 
This eliminates the need of a heavy clamp, 
and maintains perfect alignment and rigid- 
ity of yoke to the body. 














Body-Bonnet joint stays tight under all 
operating conditions. The internal pressure 
MAKES rather than breaks the seal. 








Stellite faced back seat and stem guide 
insure tight sealing, accurate guiding of stem 
and protects packing when valve is back 
seated. 











Flexible “H’’-type wedge prevents sticking 
when valves are closed hot and reduces re- 
quiredopening torque. Wedgeisstellite faced. 


Streamlined passage makes possible 
maximum flow with minimum turbu- 
lence. 





Seat Rings are stellite faced, accu- 
rately machined and welded in place. 





(Sectional) PRESSURE SEAL GATE VALVE 


POWELL...world’s largest family of valves 


12 July 1959--C OMBUSTION 





PRESSURE SEAL VALVES! 


Pressure Classes...600, 900, 1500, 2500 Pounds 
and Higher... ALL COMMERCIAL SIZES 


= Tapered roller bearings are most satisfactory for 
high thrust loads. 


Lugs on the inner side of yoke arms provide a 
convenient shelf for suspending gland when 
renewing packing. 


Accurately ground stem threads reduce friction 
and prolong the life of the stem and bushing. 


Lifting lugs facilitate handling the valve during 
erection and maintenance. Also provide means 
for supporting weight of the valve. 


Streamline contour of body simplifies application 
and reduces cost of insulation, and effects 
marked savings in space and weight. 


Segmental thrust sings absorb all the thrust 
applied by internal pressure. This design enables —. 
valve to be easily assembled and disassembled, 


V/) 




















A differential angle be- 

















tween gasket and bonnet 
assures line contact. 









































Pressure Seal Gate Valve 


A hardened stainless steel protective ring 
prevents deformation of the top surface 
of the soft metallic gasket. 


The gasket may be removed without dam- 
aging the sealing surface of the body. As 
the gasket is removed, the sealing sur- 
faces separate freely without damage to 
gasket seat in nee 





TS 


AN 











By inserting knock-out pin 
in drilled hole segmenta! 














thrust ring can be easily 
driven out of retaining 
groove. 


The gasket seating surface in the body 
may be easily lapped, if required — an 
outstanding feature in Powell Pressure 
Seal Valve design. 


THE WM. POWELL COMPANY «+ Dependable Valves Since 1846 « Cincinnati 22, Ohio 
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NEWS /R0M YARWAY 


SEALING VALVE 
The famous tight-sealing 


“~, 


way Seatiess Valve en, 


BLOWING VALVE 
The new wear-resistant 
Yorway (Stellited seat 


i disc) Valve 








There’s a new star in the Yarway Blow-Off 
Valve line. 

For years rugged Yarway Unit Tandem Blow-Off 
Valves have been standard equipment on most high 
pressure boilers. In fact, more than 80% of high 
pressure plants use Yarways. 

Now a new design Unit Tandem is offered for 
medium pressure boilers to 665 WSP. Streamlined, 
lighter in weight, easy to operate, tight sealing and 
long wearing—this valve brings premium quality 
Yarway Unit Tandem dependability to the medium 
pressure field—at a competitive price! 


Important features, like the nitralloy plunger in 
the sealing valve and integral stellite seat and disc 
in the blowing valve, make this your best buy for 
blow-off service. 

Order Yarway Unit Tandems for your present 
boilers—or specify them on new boilers. 

For full details write for Yarway Bulletin B-435, 
Supplement A. 


YARNALL-WARING COMPANY 


106 Mermaid Avenue, Philadelphia 18, Pa. 
BRANCHES IN PRINCIPAL CITIES 


YARWAY 
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INNOVATIONS IN FLUID HANDLING: #1 OF A SERIES 


ELECTRIC 
GENERATING GROUP 


As the manufacturer of all 
major components of the fluid 
handling group (pumps, con- 


densers, deaerators, ejectors) 
Worthington has a reservoir of 
experience and knowledge that 


can benefit you 


NUCLEAR CONDENSER 


Dresden unit is tailored to special needs of nuclear plants 


Engineers of General Electric, Worthing- 
ton and Bechtel Corporations worked 
together closely with Commonwealth 
Edison on new Dresden Station 


Four major problems faced Worthington 
in the design of a 120,000 sq. ft. condenser 
for the Dresden Nuclear Power Station 
being built by General Electric Co. for 
Commonwealth Edison Co. and the Nu- 
clear Power Group, Inc. They were: (1) 
necessity of handling full output of dump 
steam, (2) quantities of free gases in the 
steam, (3) maintaining condensate purity, 
and (4) providing radioactive decay time 
for the condensate 

Worthington engineers, working in 
close cooperation with the customer, his 
design engineers and contractors, soived 
these problems. To handle dump steam, 
pressure breakdown devices were installed 
in the condenser itself and in a special 
“blister” on one side of the condenser. An 
extra large ejector was used to handle 
quantities of free gases. And to maintain 
condensate purity double tube sheets were 
used and special deaeration features were 
provided 

Radioactive decay time was provided by 


means of the special hotwell which ts baf- 
fled to make the transit time of the conden 
sate long enough to allow short-lived radio 
active impurities to decay to lower levels 

This typical example shows you how 
Worthington applies its experience as a 
manufacturer of all major components of 
the fluid handling group in solving the 
problems of one particular element. To put 
this progressive “know how” to work on 
your power plant problems, conventional 
or nuclear, contact your nearest Worthing 
ton district office. Or write to Worthington 
Corporation, Section 45-8, Harrison, N. J 
In Canada: Worthington (Canada) Ltd., 
Brantford, Ontario 


WORTHINGTON 





For refineries 
E Vertical Unit Boiler, Type VU-40 CO 
tangentially fired boilers to effi 
itilize energy potential in hard 
waste catalyst regenerator gas 
rated an installation at a Gulf 
refinery. It combines a catalyst 


; 


gas turbine-driven 


rs, two CO boilers, and sep 


turbine-exhaust-gas feedwater 
cated between the boilers. 
ible in a wide range of sizes for 
quantity of catalyst regenerator 
ind for any steam capacity; CO 
by C-E have been in service 

» than three year: 


For diverse industrials 

C-E Package Boiler, Type PCC—new, completely shop-assembled, high 
performance, Controlled Circulation steam generator. Now in service 
with capacities to 120,000 Ib/hr, it is available with temperatures to 
900 F. and pre ires to 1,000 psi (or higher if desired). This boiler 
is especia t wher naximum capacity, temperature, and 
pressure are required, ce is limited. Offers easy handling of 
rapid load swit } qu team production. PCC’s in service 
include the world’s higt pacity, highest pressure, and highest 
temperature p 
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C-E builds boilers of virtually all designs and types 
known in present practice . in capacities from less 
than 10,000 to 4,000,000 or more lb. of steam per hr. 
It is presently building units that will set new world 
records for capacity, pressure and temperature. 

This vast experience has also been successfully 
applied to the development of many special designs to 
utilize waste fuels or to meet unusual steam require- 
ments or space conditions. 

A few recent examples of special C-E designs which 
have successfully met unusual problems are illustrated 
here. In several cases, this success may be attributed 
to the utilization of exclusive C-E developments such 
as controlled circulation or tangential firing. 

Whether your requirements call for boilers of unusual 
characteristics, such as those shown here, or for more 
conventional standard designs, come to C-E where you’ll 
find the skill, experience, facilities—and desire—to meet 
your needs exactly. 


needs —by C-E 


For gas turbine installations 








For the steel and 


chemical industries 

C-E Package Boiler, Type WCC—a Con- 
trolled Circulation design which utilizes 
waste heat from open hearths or chemical 
processes. The platen surfaces featured 
in the first pass permit passage of abra- 
sive or “sticky” gas without erosion or 
bridging, prolonging boiler life and making 
the unit easier to clean. Controlled Circu- 
lation assures positive control of water to 
all circuits, permitting a smaller boiler 
with obvious space-saving advantages. 
Seven WCC’s are now in service; eight 
others are being erected. 








= 
\ 


\ iil 
PERHE ATER VTS 
Li - 








C-E Gas Turbine Boiler—waste heat design for economical utilization of gas turbine exhaust 
sensible heat. Usable in a choice of cycles to obtain fired or unfired heat recovery and steam 
generation. Illustrated is a combined cycle, two of which are in service at a chemical plant. 
Here the turbine is followed by a waste heat boiler, multiple-purpose economizers (process 
and feedwater), and a conventional oil-fired steam generator which uses a portion of the 


high temperature exhaust gas for combustion air. 


COMBUSTION ENGINEERING a 


Combustion Engineering Building, 200 Madison Avenue, New York 16, N. Y. 
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FIRST EVER BUILT 


thishigh-temperature nuclear test reactor 


was developed by Knolls Atomic Power 
Laboratory to confirm design data for re 
actor cores of the submarine Triton. Vital 
core components and instrumentation are 
housed in a 32!.4-ton stainless steel pressure 
vessel. Required to withstand 550 F., 1,500 
psi, this vessel and its novel, quick-opening 
closure were designed and fabricated for 


KAPL by The M. W 


Kellogg Company. 


Additional examples of Kellogg’s ability 
to design and fabricate nuclear equipment 
to the most exacting standards include the 
primary coolant stainless piping for two 
other nuclear plants. Kellogg is also design 
ing and fabricating heat exchangers for still 
another nuclear plant. Kellogg’s Fabricated 
Products Sales Division welcomes inquiries 
for the design and fabrication of nuclear 


equipment. 


THE M.W. KELLOGG COMPANY, 711 THIRD AVENUE, NEW YORK 17, N.Y. 


UBSIDIARY OF PULLMAN INCORPORATED 


The Proof Test Reactor Pressu 
Vessel, with quick-opening cl 
sure, in Kellogg’s Jersey City plar 
just prior to shipment 
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with a Valley Camp Quality Coal 


® Each load of Valley Camp Quality Coal is thoroughly washed, 
sized, and thermally dried. The coal is then mixed to an exact 
consist according to your specification, for maximum efficiency 
in your equipment. 


Many consumers are now realizing lowered steam costs with 
one of these carefully prepared coals. Ask our combustion en- 
gineering service to tell you more about them. 


THE VALLEY CAMP COAL COMPANY 


Western Reserve Building ¢ Cleveland 13, Ohio 


SUBSIDIARIES — 
Great Lakes Coal & Dock Co., Milwaukee, Wis. © Great Lakes Coal & Dock Co., St. Paul, Minn. © The 
Valley Camp Coal Co. of Canada Ltd., Toronto & Fort William, Ont © Kelley's Creek & North- 
western Railroad Co. * Kelley's Creek Barge Line Inc. © Pennsylvania & West Virginia Supply Corp 
SALES OFFICES — 


Philadelphia © Baltimore °¢* Buffalo © Pittsburgh © Wheeling © Cleveland ¢ St. Paul 
¢ Cincinnati © New York © Milwaukee © Superior, Wis. © Fort William, Ont. © Toronto, Ont 
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for high-pressure 


















idescaling at Lukens Steel 


Latest successful technique of high-pressure descaling 
is now being performed in this modern steelmaking facility 
designed by Mesta Machine Co. 


The initial high-pressure descaling operation uses De Laval 
split-case multi-stage pumps as shown in the photograph below. 
Each pump supplies cold water at 1000 gpm and 1600 psig. 
Electric motors rated at 1750 hp drive the pumps through speed 
increasers which raise the speed from 1200 rpm to 4250 rpm. 


De Laval pumps also serve Lukens on a 1200 psig descaling 
system in another section of the Coatesville, Pa. mill. 


One of several arrangements available for descaling service at pressures 
of 1000-1 200-1600 psig and capacities to 2200 gpm. 


Steam Turbine Company 


886 NOTTINGHAM WAY, TRENTON 2, NEW JERSEY 
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J. R. Hayman J. K. Kochensparger | S. E. Melvin 


Chicago Cincinnati Cincinnati 


Diamond Service Engineer making an adijust- 
— ment on a Model IK Long Retracting Blower to 
assure maximum cleaning efficiency. Diamond 
Service is effective preventive maintenance. 


F_E. Hammond Nh. W. Kendrick 


De ine Detroit 





P 


Burnett > W. J. Harnett 
Angeles 





New Jersey 


G. J. Del Bagno A. J. Calderdone W. F 
New York (Marine) Philadelphia Phi 


De Mart H.R. Kline 
adelphia Pittsburgh 
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FIELD SERVICE ENGINEERS 


A unique field service organization 
dedicated to giving you 


Better Boiler Cleaning 
At Lower Cost 


The principal duty of these 31 full time, factory trained 
field service engineers is to insure that Diamond 
Blowers operate correctly to give you the best boiler 
cleaning possible and at minimum cost. They are clean- 
ing experts who inspect and adjust Diamond Blowers 
in stationary (and marine) water tube boilers. This 
inspection service is rendered regularly .. . unsolicited 
and without charge. 


There is nothing else quite like it in the power industry, 
and it saves the user of Diamond Blowers money two 
ways: First, these men often are able to detect poten- 
tial trouble before it becomes serious or costly ... 
preventive maintenance that keeps repair costs down. 
Second, by seeing that blowers are in good repair 
and adjustment . . . instructing operators in correct 
operation and care ... and by recommending the 
most efficient and economical blowing schedules, they 
assure cleaner boilers at lower cost. Boiler efficiency 
is maintained . . . blowing costs kept down. 


This is one of many important plus values you get with 
Diamond Blowers and Blower Systems. 


Diamond Service Engineer show- 
ing operator how his flue gas tem- 
perature drops when he uses his 
blowers correctly and regularly. 


D. B. Andy K. Kruse Diamond Service Engineer 
sichemnene -— eee SS makes internal inspection to 
check cleaning effectiveness 
of the blowers. 


: DIAMOND POWER 
im SPECIALTY CORP. 


D. E. Bidell LANCASTER, OHIO 


Syracuse 





mond Specialty Limited « Windsor, Ontario 
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Thomas H. Allen Generating Station— Memphis Light, Gas & Water Division—City of Memphis, Tenn. 


Burns & Roe, Consulting Engineers. Generating Capacity: 862,500 kw. Insert shows some of the 8000 Crane valves installed in plant. 


Crane builds giant pressure-seal bonnet valves 
for giant Memphis power plant 


provide the 500,000-pound thrust re- 
quired for closing. 


The Thomas H. Allen Electric Gen- 
erating Station, pride of Memphis, 
Tenn., is the largest municipal power 


plant ever authorized at one time. 8000 valves—mostly Crane 


This huge, 121-million-dollar project, 
in full operation, has an output 
capacity of 862,500 kw. 

Piping plans for this immense plant 
called for 24 16-inch, motor-operated 
high-pressure ‘temperature angle 
valves—largest valves of this type ever 
to be made. They were for service on 
the inlet and outlet ends of 12 high- 
pressure, multiple-pass feed-water 
heaters. 

Crane built all 24 valves—in pres- 
sure-seal bonnet design. These valves 
can handle a flow of two million 
pounds per hour at 585° F. and are 
designed for tight shutoff at 2840 
psi under the disc. Special motor- 
operators had to be developed to 


In addition to supplying these 24 
specially made angle valves, Crane 
also furnished most of the approxi- 
mately 8000 other valves used on 
the job—carbon steel, alloy steel, 
iron and bronze. 

Who but Crane has the modern 
facilities—in metallurgy, casting, in- 
specting, testing and other manufac- 
turing procedures—for producing 
quality valves in any size, to any 
specifications, in any quantity on 
schedule! For detaiis, consult your 
Crane Representative. 


One of the 24 16-inch, motor-operated pressure- 
seal bonnet angle valves made specially by Crane. 
Stands 11 feet high . . . weighs 11,000 pounds. 


CRAN E VALVES & FITTINGS 


PIPE *« PLUMBING « HEATING « AIR CONDITIONING 
Crane Co., General Offices: Chicago 5, Ill.— Branches and Wholesalers Serving All Areas 





Since 1855 
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Chemical Control Program For 
A Once-Through Superheated 
Steam Generator 


System Cleaning, Start-Up 
and Analytical Techniques 
for Unique Steam Generator 
Heated by Sodium Reactor 


Known as the Sodium Reactor Experiment con- 
ducted for the Atomic Energy Commission by 
Atomics International, and located in the hills 
thirty miles northwest of Los Angeles, this in- 
stallation is full of “‘firsts’’ and ‘‘never befores.”’ 
Prominent among them is the Southern Califor- 
nia Edison Company’s steam electric plant in- 
cluding a once-through superheated steam gen- 


erator, producing 7,500 EKW from 77,500 Ibs. of 


steam per hour at 620 p.s.i.a., 825°F. 

Heat is transferred from the nuclear reactor to the 
steam generator via two separate liquid sodium cir- 
cuits. The two circuits are separated by an interme- 
diate heat exchanger to avoid radioactivity in the 
steam generator circuit. Liquid sodium reaches the 
steam generator at 900°F; returns to the primary 
exchanger at 440°F 

Water steam tubes of the generator are each 80 
feet long, curved into a U-shaped bundle as shown 
below, and in the photo at upper right. These tubes 
are enclosed in concentric tubing containing mercury 
to prevent any possible contact between the liquid 
sodium and water or steam (diagram at right 

The entire steam generator is built as a single unit, 
so repair or internal difficulties caused by deposits 
or corrosion would create major down-time and main- 
tenance problems which is the point Nalco Con- 
sulting Services enter the picture. 


Severe Basic Requirements 


Nalco consultants, working closely with Southern 
California Edison engineers, determined that per- 
missible dissolved solids in the boiler water should 
not exceed 0.5 p.p.m., with the following operating 
range: .001-.003 ppm 0.; .01 ppm Fe; .01 ppm Cu; 
.02 ppm Cl. Demineralization is utilized for feedwater 
preparation, and part of the condensate can be passed 
through the demineralizer if contamination occurs. 

The job for Nalco was to set up proper analytical 
control procedures and methods to assure operation 
well within the permissible operating ranges. 

System Cleaning 

Prior to start-up, Nalco set up a complete, step- 
by-step procedure for cleaning the steam system. As 
noted above, the single-unit steam generator interior 
is not only inaccessible for normal inspections or 
maintenance, but also had to be cleaned for initial 


STEAM GENERATOR 


MERCURY RESERVOIR 
STEAM OUT 


THERMAL INSULATION 


SODIUM OUT 
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operation “by remote control.” Testing procedures 
and analytical methods used as recommended by 
Nalco at this stage were critical to subsequent suc- 
cessful operation. They worked. 


Information Programming 


Setting up a sensible information program for this 
unique installation produced problems hinging on: 
“What do we need to know?’’ and ‘‘What analytical 
procedures can be used to assure adequate informa- 
tion and accuracy without excessive time and com- 
plexity?” 

Dealing in impurity limits which would normally 
be considered ‘“‘below zero,’ and with the possibility 
that entirely new problems could develop in opera- 
tion, the information and analytical procedures de- 
vised by the Southern California Edison-Nalco team 
are producing data on performance and internal con- 
ditions which are accurate, adequate guides to suc 
cessful operation. 


HEAT EXCHANGER CUTAWAY 


STEAM OuT \ 


MERCURY FILL TUBE 


© 
© 


SECTION A-a 


ey SODIUM IN 


It is unlikely that your project or problem directly 
parallels the Sodium Reactor Experiment. However, 
Nalco’s willingness to tackle new areas of research 
and development, using an unsurpassed background 
of experience and abilities in specialized chemical 
technology, may be very valuable to you. Nalco 
Bulletin D1 describes Nalco Consulting Services and 
Contract Research in detail. Your copy will be sent 
promptly at your request. 


National Aluminate Corporation ts nou 


NALCO CHEMICAL COMPANY 
6234 West 66th Place . Chicago 38, Illinois 
Subsidiaries in England, Italy, Mexico, Spain, Venezuela 
and West Germany 

® Canada— Alchem Limited, 

Burlington, Ontario 


. . . Serving Industry through 
Practical Applied Science 
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Self-Cleaning, Self-Lub- 
ricating Piston Seal for 


lem pe ratures up to 500° F, 


Corrosion-Resistant 
Springs are accurately 


vereene Wi | 


am 


wound with ends ground 
gives continuous wiping square. Maximum spring 


action, Compound treated life, even under high tem- 


~, 


cast iron prec Miron Trines are perature conditions. 


used for highe ? pre ssures 
and te m perature 

R 

> » ‘ ' P 
Stainless Steel Dia- 


phragm responds instantly 
Long Guiding Surfaces 


1\4 


to any flow change —elimi- 
are ground to high finish on nates stuffing boxes and 
all moving parts to assure $ bellows seals. Diaphragm’s 
true alignment, prevent \ - full travel is less than its 
cocking and binding. r own thickness, can’t be 


over-stressed, 


Single Seated Construction 
assures positive deadend shut off. 





Stellited Seating Surface 
combined with a hardened 





a 


stainless main valve pro 
vides ultimate in erosion 


resistance. 


a 


> 


Interchangeable paris 
May be re plac ed without 
taking valve body off the 


line, and, even more 


a ; important, without ma- 
. chining. 


RE RSAL 


Cutaway of Leslie internal pilot, piston operated reducing valve class LY, shows 
typical Leslie quality construction features. Throughout the Leslie line, features 
like these and others presented on the next page are your assurance of lower oper- 


ating costs and long life performance. They are based on over 50 years of leader- 


ship in designing and manufacturing quality regulators. 


Internal pilot piston operated reducing valves are available for steam services, up 


» to 6”. Cast iron, 


to 2500 Ibs., ASA, reduced pressure ranges to 1400 psi. Sizes 
bronze, steel or alloy steel construction. 
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LESLIE SMALL FLOW REDUCING VALVES 


PRESSURE-TEMPERATURE RANGES 





MAK. INLET 


Leslie small flow reducing valves are used in pilot plant PRESSURE PS! 





REDUCED 
PRESS 
RANGE 

PS! 


5-285 


coLD 
LiQuiID 
AIR OR 
GAS 


rati q . : i »6ce . , its BODY 
operations, plastic molding presses, laboratory units, Py 


° “a: . . . AND 
gland sealing, steam sterilization and atomizer units | construction 





and wherever control of small flows of steam, air, gas 





or non-corrosive liquids are a problem. 10-285 
BRONZE 


Screwed Bonnet 





These 14” valves feature simple, direct operated de- 
so 2.35 





sign with screwed or bolted adjusting spring assembly 


for easy access to the internal parts. No stuffing boxes 2-35 





or fussy seals. 
STEEL 

Thru bolted 
onnet 





























LESLIE REDUCING VALVES FOR AIR OR GAS SERVICE 
<— . ‘ , PRESSURE RANGES AND CONSTRUCTION _ 
Leslie internal pilot, piston operated reducing valves 





REDUCED 
PRESSURE 
RANGE PS! 
MIN 


MAXIMUM 
INLET 
PRESSURE 
& TEMP 


offer a combination of accurate regulation and low 


maintenance service, and are used for accurate control Size 


Inches 





END 
CLASS MAX CONNECTIONS 


of air or gas with inlet pressures up to 400 psi at 150° F. 





Va-2" 300 Ib 


Accuracy of regulation is comparable to instrument 
control with full flow for equivalent pipe size. Valves 
feature 99% accuracy of regulation at rated capacity. 


Bronze |'/2-4 


screwed 
150 & 300 Ib 
MSS flanged 








Va-2" 250 Ib 


Positive, bubble tight shut-off is provided by resil- pole 

14-3" 250 Ib 

ASA flanged 
laa 125 ib. 


ASA longed —_| 


25.400 psi 
ient, single seated valve disc. Fully guided main valve, 150° F 


stainless steel diaphragm and non-corroding internal 





25-175 psi 


F mox 


























springs assure long, trouble-free operation. 150 


inlet pressure over 100 psi 








REMOTELY ADJUSTED REDUCING VALVES 





P a i . 4 REMOTELY ADJUSTED REGULATING VALVES 

Operating characteristics of Leslie remotely adjusted re 7 i See ee tae 

INLET MAXIMUM 

SIZES BODY | PRESSURE REDUCED 
AVAILABLE MATERIALS | RANGES PRESS 
Inches AVAILABLE PS! PS! 


reducing valves are identical to manually adjusted 
types. The remotely adjusted reducing valve is ad- 


justed to the desired pressure setting by air pressure 





| T 
20 300 psi 
550° F steam 
20 400 psi 
150° F air 


from an air loading device. The constant loading 
te] ? 


Smoll flow, internal 


pilot actuated 


Va, Me, V2 Bronze 
| 


force on the upper diaphragm opens the pilot valve | Fier eee red 
and is balanced by a constant reduced pressure pro- [[_7, ——— ROrEr 


25 psi up to 
600 psi, 750 


Internal pilot | Cast tron 


portional to the loading force. ocveted Sronse 
. piston operated Cast Steel 





300 psi up to 
3000 psi 


Cast Steel 


The air loading panel eliminates hazardous or in- 


Internal pilot 
actuvoted, piston “2-3 and | 
Alloy Steels | 


2 a = 


convenient adjustments and provides fast means of 
operated for high 





pressure service 











readjusting pressure to meet changing requirements. 





For sizing and capacity data on this Leslie line of valves, 
contact your Leslie engineer or write for Bulletin 5302B. 


REGULATORS and CONTROLLERS 
Leslie Co., 414-A Grant Avenue, Lyndhurst, New Jersey 


Over 275 Factory-Trained Engineers At Your Service — Nationwide! 
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This Bailey boiler contro! system assures maximum fuel economy in the 
operation of two 50,000 |b per hour capacity pulverized coal-fired 
boilers at Toms River. 


How Bailey helps control 
STEAM COSTS AT TOMS RIVER 


With a Bailey-engineered control system you can 
count on a high output of available energy per unit 
of fuel, whether you operate a small industrial boiler 


or a large central station boiler. 


They did at Toms River — Cincinnati Chemical 
Corporation’s plant in Toms River, N. J.! Bailey 
Controls help them save fuel by continuously main- 


taining desired operating conditions. 


Most high-efficiency steam generating plants rely on 


Bailey because: 


1. A Complete Line of Equipment 


Bailey manufactures a complete line of standard, 
compatible pneumatic and electric metering and 
control equipment that has proved itself. Thousands 


of successful installations involving problems in 


measurement, combustion and automatic control are 


your assurance of the best possible system. 


2. Experience 
Bailey Engineers have been making steam plants 
work more efficiently for more than forty years. 
Veteran engineer and young engineer alike, the men 
who represent Bailey. are storehouses of knowledge 
on measurement and control. They are up-to-the- 
minute on the latest developments that can be 


applied to your problem. 


3. Sales and Service Convenient to You 
There’s a Bailey District Office or Resident Engineer 
close to you. Check your phone book for expert 
engineering counsel on your steam plant control 


problems. A139-1 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1025 IVANHOE ROAD 


° CLEVELAND 10, OHIO 


in Canada—Balliey Meter Company Limited, Montreal 


July 19599-COMBUSTION 








_- 
nud , f CORROSION 





OF FLOAT 
VALVES 


New o 


*Levetrol is a me 1 of liqu 
salt storage syst water level automa 
proportione 
The Mortor 
salt storage 
due to br W DY Dé 
with your salt leve 2 solves the problem of salt 
and water inventory protects agains. completely 
drained salt storage supply... enables you to have 
ter treatment 


id jevel control in a wet 


tnarawn. 


Levetrol System i: 


ir water ievel 


complete automation of your entire wa 
system. 

Levetrol « 
valves. All Levetrol controls are locate away from 
your brine storage supply tc mpletely avoid corro- 
sion and assure venient, accurate salt measure- 
ment and proper brine strength at all tin 

For complete deta n the Morton eed System 


for your wet storage system, write us today! 
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HAPHAZARD 
SALT 
MEASUREMENT 


BRINE 
OVERFLOW 
LOSS 


tRoi system solves these common 
wet Salt storage problems for you 


yr Obligation, more in- 
ut the new Moron Levetrol System. 


Please send me 
formation ab 
Name____ 
Title 

Company 
Street 


City 
Approx. size of wet storage system_ 


© COMPRNY a 


INDUSTRIAL DIVISION 


Dept. ©7, 110 No. Wacker Drive, Chicago 6, /II 





Here are America’s first six CE-Sulzer once-through boilers: 
1/l have LEN Direct-Energy Buliance Control. 


Operating 
Pressure 
Company Station psig Capability 
Da wer & Light Co Tait 4 2406 150 MW 
etropolitan Edison Co Portland | 24 165 MW 
Dayton Power & Light Co Tait 5 150 MW 
Philadelphia Electric Co Eddystone | 350 MW 
Cleveland Electric Iliuminating C Avon 8 500 250 MW C7 


Philadelphia Electric C Eddystone 2 350 350 MW 


U 


Once-through boiler and turbine operate as a unit 
with new L&N Direct Energy Balance Control 





Here at the Frank M. Tait Station of Dayton Power & the picture above, an operator at Tait is setting the de- 
Light Co., America’s first and third CE-Sulzer once- sired rate of generation change directly. Calibrated in 
MW min, this control changes output at the rate he sets, 


through boilers are in operation. Working at subcritical : 
so that the boiler and turbine will respond as an inte- 


pressures, they employ a major advance in combustion 

grated unit. 

‘ : The Direct-Energy Balance method has been exten- 
L&N developed this D.E.B. control for once-through sively field tested and subjected to simulation studies at 

boilers to provide closer regulation. The boiler and tur- our computer facility. For further information, contact 

bine are operated as a unit, keeping the generator output your nearby Field Office, or write for Reprint 463(8) to 

within the capabilities of the equipment in service. In 1972 Stenton Ave., Phila. 44, Pa. 


control—-Direct-Energy Balance. 


by LEEDS NORTHRUP 


Instruments Automatic Controls e Furnaces 
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years of operation at the 
Possum Point Power Station of... 
VIRGINIA ELECTRIC and POWER COMPANY 


With Green RG Fans, of course. 


Somehow, you just expect Green fans to give years of trouble-free operation. 


When Virginia Electric and Power Company planned their Possum Point 
Power Station, with Stone & Webster consulting, they selected Green RG 
Fans for both induced and forced draft. 


Green RG Fans are rugged, reliable, self-cleaning and accessible. 


When you want trouble-free fan performance — consult Green. 


tips approaching a 

radius of the wheel. Design achieves a 
streamlined air passage with a minimum is | A AL 
i ; 


aa 4 “ 

The Green RG is a centrifu gal fan whose y . hi 7 Th. # 

blades are forward curved and backwardly jim eavwin 4b 

inclined with blade / | | # 
| ; | 


Sein 


of turbulence. 
al 


oe 


nee 
, Sn et 
This is the induced draft Green RG Fan installation at the 


Possum Point Power Station. %" housing and inlet boxes. 
Y," scroll liners. Diamond checkered floor plate blade 
liners. Air-cooled, self-aligning sleeve bearings. 600 HP, 
880 RPM motors. 


\_THE GREEN FUEL ECONOMIZER CO., INC. BEACON 3, NEW YORK 


COMBUSTION—duly 1959 





most efficient operating 


cyclone collectors made 


Design makes the difference: in over a thousand plants 
across the continent, Buell Cyclones have proved themselves 
more efficient than any other cyclones made. Buell’s exclusive 
Shave-off port (A), traps the extra percentage of dust that ordi- 
: nary cyclones lose. And large-diameter, (B), custom-engineered 
— design eliminates bridging, clogging, or plugging during opera- 
ae ers tion, keeps efficiency high without interruption. Regardless of 
your present or planned plant layout, Buell equipment can be 
designed to solve your dust collection problems efficiently and 
ee COMBINATIONS economically. There’s valuable information in a concise book- 
let, “The Exclusive Buell Cyclone”. Write Dept. 
70-G Buell Engineering Company, Inc., 123 

William Street, New York 38, N. Y. 


Buell Cyclones before installation at a major plant. 


Experts at delivering Extra E flicie ney in DUST COLLECTION SYSTEMS 
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Are Banquets Obsolete? 


Che ingredients of a banquet are people, food, drinks, 
entertainment No major engineering 
meeting appears to be self-respecting unless it includes 


ind speeches 
one or more festive occasions to make up this concoc 
tion 

Not long ago we attended a banquet and sadly ob 
served that a respected colleague with a gift for stimu 
lating conversation was sound asleep. The speaker was 
vibrant but the editor was somnolent. A few minutes 
earlier, the roles were reversed, for the speaker was 
nervously partaking food and suffering through pre- 
speech jitters, while the editor was enjoying the luncheon 
and entertaining his associates 

This puzzled us for a while. Then this thought hit: 
the distinguished executive was a speaker only to the 
extent of contributing his voice and his physical pres 
ence! Someone else had written the speech for him; 
now he was droning it forth at the measured pace of an 
automatic prompting machine. Why should the audi- 
ence sit passively by and have such artificial second-hand 
sounds inflicted upon it? 
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Our colleague did the right thing. He glanced over 
the speech manuscript in five minutes and slept the 
remaining twenty-five needed for oral presentation. 
Perhaps he was disrespectful to his fellow editors around 
the banquet table, but was he any more so than the 
speaker who proved to 1500 people that if Johnny can't 
read in grade school, his grandfather can scarcely do 
much better fifty years later? 

What the solutions? Abolish banquets—not 
very likely. Eliminate the after-dinner speaker—not 
unless you can abolish host committees, and then how 
Pass out copies of the 


are 


are you going to have meetings? 
speech to all present —this might deter some timid read 
ers. Tape record the speech in advance—this has some 
interesting possibilities 

#” We suspect that engineering society banquets will 
always be with us. And we know that big names will 
always attract a large attendance. We are not sure 
that banquets are obsolete, but we have all too much 
evidence that the vast majority are boring 





By V. Z. CARACRISTI; and H. D. MUMPER: 


Combustion Engineering, Inc. 


Combustion of Crushed, Dried Texas Lignite and 
Char in Steam-Power Boilers 


Process fuels of a hot, highly reactive nature may 
result from industry's attempts to achieve low 
temperature carbonization of coals and lignites. 
The authors describe how the problems of 
handling, feeding and transporting these process 
fuels were metin one instance and the experience 


record being established. 


HE Aluminum Company of America in 1949 faced a 
production capacity problem. The available unde 
veloped hydroelectric power sites in this country 
were dwindling, and it appeared that inevitably steam 
electric power must be used if aluminum capacity were to 
keep pace with the expanding postwar market. The onset 
of the Korean war made aluminum expansion essential to 
the national defense, and as a result of the extensive 
development work undertaken by the Texas Power and 
Light Company and the USBM to adapt the Parry car 
rexas lignite, and through the 
Parry and others, the Aluminum 


bonization process to 
efforts of Dr. V. F 

Company in 1950 made a decision to construct a primary 
aluminum smelter on the site of one of the Texas lignite 
frelds (1) 
supply the smelter, using carbonized lignite as the basic 


A 300-megawatt steam power plant was to 


fuel 

he carbonizing process was planne d for two stages ol 
development, the first stage consisting of a drying opera 
tion to reduce moisture content from the 2S to 35 per cent 


* Presented at the Semi-Annual Meetin ASMI t. Leowts, Me June 14-18 
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of the raw lignite to approximately 3.6 per cent in the 
dried product The second stage would carbonize the 
dried lignite to extract low-temperature tars, while pro 
ducing lignite char as the power-plant fuel. 

The decision to proceed in two distinet steps resulted 
from the need to get the power plant and smelter into 
immediate operation while carbonizing operations could 
be developed further and gradually introduced as a tar 
market appeared. Combustion Engineering, Inc., 
tracted to furnish three boilers for burning either crushed 


con 


dried lignite or lignite char with steam conditions as out 
lined later 

rhe fuels to be used were unique 
specified as dried Texas lignite of 3.6 per cent moisture, 
crushed to 0 per cent plus 8 mesh and 1S per cent minus 
200 mesh, with a volatile content of 39.5 per cent and a 
heating value of 10,420 Btu per Ib, delivered at the fuel 
silo at 200 F. Eventually was 1n 
full operation, the fuel would be lignite char at zero mois 
ture content, with a size consist of 0 per cent plus 16 mesh 
(U. S. Std 
content of 25.5 per cent and a heating value of 11,050 
Btu per lb, delivered at the fuel silo at 900 F. The size 
consist of these fuels is shown in Fig. 1. Fuel analyses 


The initial fuel was 


when carbonization 


, and 36 per cent minus 200 mesh, a volatile 


are given in Table I. 

The characteristic of lignite fuel producing size degra 
dation upon heating permitted the basic concept of sus 
pension burning in a conventional slagging-type furnace 
The development of this steam-generating unit was pri 
marily centered around handling a product which was 
originally coarse ground and dried or carbonized to permit 
degradation to a relatively small size. The high reaction 
rate of the dried lignite and lignite char, its relatively 
small particle size and the possibility of further size 
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Fig. 1—Comparison of the size range of the fuels under discussion can be 
obtained from the above plot made on the U. S. Bureau of Mines graphical 


degradation on entering the combustion zone permitted 
the elimination of the conventional pulverizer in the fuel 
burning system. 

The elimination of the pulverizers and the handling of 
the hot dried or carbonized highly reactive fuel are the 
unique features of this steam-generating installation. 
The nature and character of the ash deposit on furnace 
heat-absorbing surface and convection superheater sur 
face were quite unexpected. This introduced an unfore 
seen problem which can be associated with the nature of 
the ash in the raw lignite. This ash-deposit problem is 
indicative of what can be expected with lignite as a fuel 
on a high-pressure, high-temperature, steam-generating 
unit. It was possible on these units to establish param 
eters for handling this ash-deposit problem which should 
avoid these difficulties on future lignite-fired units. 

The complex problems of handling, feeding and trans 
porting hot highly reactive solid fuels in coordination 
with the requirements of the steam-generating unit were 
completely new. ‘The solution of these problems repre- 
sented considerable effort, time and expense on the part 
of the supplier of the steam-generating unit. It is 
significant that the solution of these problems required 
data and tests that are applicable to the handling of 
many similar process fuels that may be available in the 
near future 


The Initial Design 


Che three boilers supplied by Combustion Engineering, 
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form for representing distribution of sizes of broken coal. 
handled is coarser than pulverized lignite and finer than spreader stoker 


t 


uw ue 


Note fuel 


Inc., for this project are rated at 800,000 Ib per hr steam 
flow maximum continuous capacity at 1550 psig and 
1005 F main steam conditions with reheat to 1005 F. 
The S-hr peak capacity is 880,000 lb per hr main steam 
flow and 764,000 Ib per hr reheat flow. Fig. 2 is a sec 
tional side elevation of the original unit design. These 
units drive three 100/S0-megawatt General Electric tur 
bine-generators with a capacity of 120 megawatts at 30 
psig hydrogen pressure. 

There are no pulverizers. The stored fuel is injected 
into the furnace through tangential burners which pro 
duce a large turbulent flame of the smaller particles in 
CHEMICAL ANALYSES 


rABLE I—FUEI 


Range of Actual Analyses 
Dried Lignite 
Te 


Original Specification 
Dried Lignite Lignite Char 
4 540 

, i 


3 
ot) 1 15.3 


Carbon 596 
Hydrogen 3.7 
Oxygen 18.0 
Nitrogen 1.2 1 $ 
Sulfur 1.6 i 1.6 2.0 
Ash 15.9 20.2 146 18.1 
Moisture + 6 00 l 3.1 
H.H.V 10,420 11,030 ays 10,900 
Volatile matter 5 25.5 i] 12.7 
Ash fusion range “I 

pee 2240 
2200 
2590 


2080 
2130 
2140 


AS. 2100 2100 
A.F.T 

Fuel Size Analysis 
Crushed 
Dried Lignite Lignite Char 
W Oo” 


‘ 


Crushed 
Raw Lignite 


Plus 8 mesh 10°; 
Plus 18 f 
Plus 30 5 2 
Plus 50 fi i 
Plus 100 { ) 
Plus 200 " 
Minus 200 


1 
z i) 


4 
th 


‘Hh 


l 
7 
21 
$ 
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the furnace cavity, while larger fuel particles are spun 
out by centrifugal action to be trapped and burned in 
the molten slag coating the furnace walls in the burner 
band. Molten slag is continuously discharged through 
the taphole into a water-filled quench tank. 

Che furnace walls are completely water-cooled by 3-in. 
tubes on 3'/ ;,-1n. centers ro prevent metal corrosion in 
the burner band, as experienced in slag-tap furnaces of 
the early 1940's, the lower 30 ft of the furnace tubes are 
aluminized by hot dipping, a technique that has been 
successful in preventing such corrosion in slag-tap fur- 
naces since 1946. The floor consisted of 3-in. tubes on 
6! /4-in. centers covered by bolted-on cast-iron floorblocks 
with chrome plastic refractory above the blocks. The 
superheater and reheater are in two sections, each having 
a high-temperature pendant in the furnace outlet, the 
reheater following the superheater, and a low-tempera 
ture section of the horizontal-tube type in the rear down 
Che low-temperature reheater and low 
temperature parallel gas paths 
Economizer surface extends through both gas paths and 
is followed by dampers which proportion the gas flow be 
tween the reheater and superheater gas paths. The 
unit design includes two Ljungstrom regenerative air 
preheaters and a Western multiclone dust collector. 

[wo gas-recirculation fans were provided to recycle 


ward vas pass 
superheater are im 


flue gas from the economizer-outlet gas duct under the 
proportioning dampers to tangential injection ports above 
the windbox in each corner Phe combination of gas 
and gas proportioning dampers was in 


recirculation gi 
tended to control main steam and reheat steam tempera 
tures at 1005 F over a load range from 500,000 Ib per hr 
main steam flow to SSO,000 Ib per hr 

Che fuel was received from pneumatic transport lines 
utilizing air or inert-gas medium for dried lignite and lig 
nite char, respectively. Separation of the suspended 
solid fuel was accomplished by three 6-ft-diam single 
cyclones per unit supported above a_ 150-ton-capacity 
cylindrical steel fuel-storage silo designed as a pressure 
vessel for 50 psig internal pressure 
in each cyclone was dropped 


The separated fuel 


through a 10-in. opening into the fuel silo, Fig. 3, and the 
transport fluid was discharged through a 16-in. exhaust 
line into a pressurized 45-in. line carrying flue gas to the 
boiler-burner transport plenum. To protect the fuel silo 
against the intrusion of transport air through the cyclone 
necks with the fuel, a small line carried pressurized flue 
gas from the boiler fuel-transport gas line ahead of the 
cyclone exhaust into the top of the fuel silo. This inert 
ing gas crossed the silo above the fuel surface and flowed 
back into the boiler-fuel transport gas line through an 
aspirating annular opening in the transport gas line 
which passed vertically downward through the center 
line of the fuel silo. The vertical downward leg of the 
transport gas line ended in the transport gas plenum 50 ft 
below the fuel silo. The pressure drop of two turns in 
the gas line plus the aspirating effect of the annular 
opening in the upper portion of the fuel silo provided 
enough pressure drop to induce a flow of inerting flue gas 
through the silo as described above. 

The fuel-silo design included three large explosion rup 
ture disks at the top, three smaller rupture disks at the 
top of the exhaust stacks of the three fuel-separating 
cyclones, and an additional large rupture disk at the 
highest point in the 45-in. fuel-transport line above the 
silo. The granular-fuel flows from the storage silo 
through six downspouts to six rotary pocket-roll feeders 
which discharge fuel through splitter breechings into 
twelve fuel lines. 

The boiler-fuel transport system as designed consisted 
of two primary gas fans which delivered economizer-out 
let flue gas to the cyclone-air exhausts, from which point 
the mixture of boiler flue gas and process transport air 
containing 12 per cent oxygen went to the boiler-fuel 


transport gas plenum and became the medium for fuel 


transport to the burners, Fig. 3. Six large-diameter 
lines carry the gas from the plenum chamber to splitters 
supplying twelve 12-in. burner-transport lines. At this 
point the six pocket-roll feeders drop the fuel onto pickup 
lattices in the twelve burner lines where it is entrained by 
the primary gas-air mixture and transported in suspen 
sion to the twelve tangential burners. Each pair of fuel 


Fig. 3—Schematic of original boiler fuel system 
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Fig. 2—Sectional side elevation original boiler design 


lines feeds one front and one rear corner burner at the 
same firing level, with flow-balancing orifices installed in 
the rear burner line of each pair to compensate for the 
shorter transport distance. 

The first two units of this contract were cased in steel 
plate of standard design. The third unit was cased in 
aluminum of special design including buckstays and 
bracing, the object being a full-scale comparison of the 
long-term costs of aluminum casing for outdoor boilers 
versus steel of lower first cost, which requires periodic 
painting and maintenance 

All insulated external ducting and piping to the boilers 
is lagged with aluminum. 


Initial Operation 


Initial operation of the first unit on crushed dried lig 
nite fuel began in late December 1953. A number of 
operating difficulties were immediately encountered with 
the boiler-fuel transport system, furnace-slagging condi 
tions, the fuel-separating cyclones and superheat and re 
heat steam-temperature controls. Through 1954 and 
1955 design changes were made to alleviate these prob 
lems culminating with the fully successful operation of 
Unit No. 2 in December 1955. There have been no fur 
ther modifications although Unit No. 3 and Unit No. | 
were modified during 1956 to the arrangement of Unit 
No. 2. 

For the sake of brevity, Table iI itemizes the specific 
problem areas and the solutions arrived at in the present 


design. 
FINAL MODIFICATIONS 


considerably modified to deal 
Beginning with the fuel 


The original design wis 
with the problems mentioned. 
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Fig. 4—Modified boiler design shows addition of water screen at the arch 
level of the furnace 


handling system, the changes listed below were made 

Fuel Transport To Boiler Storage Silo. Because of 
erosion and plugging problems in the pneumatic trans 
port lines from the process driers and erosion and fire 
problems in the receiving cyclones separating fuel and 
transport air, the pneumatic fuel-transport system be 
tween the fuel-process driers and the boiler fuel-storage 
silo was replaced by a closed mechanical conveyor of the 
suspended-flight type. 

Burner-Fuel Transport. This eliminated 80,000 Ib per 
hr of fuel-dust-laden transport air that formerly was ex 
hausted into the burner-gas transport supply. The 
boiler-fuel silo could now be isolated from the burner-fuel 
transport system except for the solid-fuel flow through 


the feeders. Accordingly we could remove the 10 per 


rABULAR LISTING OF INITIAL OPERATING 


DIFFICULTIES 


rABLE II 


Modification 


portion 


Location Problem 
Removal of 
SH & RH 
Installation of water tube 
screens at furnace outlet 
Ash deposition minimized 
by reduction of gas tem 
perature to 1550 F at 
this location Installa 
tion channel cinder trap 
to protect airheaters 
Lower furnace walls stud 
ded to retain slag coating 
Fuel size reduced to 1° + 
8 mesh 
Plugging of fuel lines to bur Compound bends removed 
ners from fuel lines 
Flow balancing 
installed 
Flow sensing 
stalled 
Installation tubular alumi 
num target plates 
Removed cyclones and re 
placed pneumatic with 
mechanical conveyor 
Isolated fuel silo from bur 
ner transport system 


4 Excessive superheat and re 
heat steam temperatures 


Ash deposition of fibrous 
sintered ash in LTRH 
plugging of gas passes 


Freezing of slagspout 
Blockage of burners by shed 
ding wallslag 


orihee 
devices in 
Erosion of refractory liners 


Fires in fuel separating cy 
clones 


Fuel carryover from storage 


into burner system 


37 





Fig. 5—Boiler availability 


cent oxygen limit that had been imposed on the burner 
transport gas because of its contact with the stored fuel, 
ind use primary air to convey the fuel from the feeder 
pickup poimt to the Note \n alternative 
duet arrangement was left in place to permit a blend of 
flue gas and air to be used when transporting hot lignite 
Phe initial oxygen 


burners 


char from the feeders to the burners 
limit for this mixture was established by experiment at 
l4 per cent, of which 0.6 per cent is absorbed in the 1.1 
sec residence time 
700 F 

\dditional transport and head 
provided by the addition of a third primary fan taking 
suction from the hot-air duct after the metering airfoil, 
and supplying hot air to the transport gas-plenum cham 


at a gas-char mixture temperature of 


capacity static was 


ber 
Che boiler-fuel system was further modified by 
rangement of four fuel lines that had been the longest, 


rear 


most angular and the most susceptible to plugging 

By close fitting it was possible to eliminate 10 ft of 
horizontal run and 90 deg of angular deviation from each 
line, thus matching the length and angular deviation of 
those fuel lines that had experienced few pluggings 

Che tour shortest fuel lines were given an additional 
low-balancing orifice in their transport-air supply lines 
Chis had not been possible prior to isolation of the fuel 
silo from the burner-transport system because the cyclone 
exhausts contained fuel dust which could have deposited 
in the eddies around such an orifice, producing what was 
felt to be a potential fire hazard due to the tendency of 
the fine fuel dust to spontaneous combustion. 

In addition, each fuel line upstream of the fuel-pickup 
tee was given a flow-sensing orifice with a differential re 
lay to signal the operator should the airflow decrease in 
any line due to heavy fuel mixtures or to accumulation of 

Che feeder speed could then be 
to allow the line to blow clear, and 


oversize fuel particles 
reduced momentarily 
then restored to normal 
Vodifications 
flame stability at lower loads, studs were installed on the 
furnace wall tubes from the floor 
the upper burners, with the object of retaining the burner 
Since this zone 1s 


Furnace lo promote fluid slagging and 


to an elevation above 


band wall slag on load reductions 
always wet with running slag at higher loads, there is no 
effect on high load furnace heat absorption. At reduced 
loads the slag retention acts in the direction of assisting 
in steam-temperature control 
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Fig. 6—Steam-temperature performance 


Five rows of furnace water screen tubes were installed 
at the furnace outlet to reduce furnace exit-gas temper 
atures by 250 to 300 deg F. These five rows originate 
through the furnace front wall below the arch-nose eleva 
tion, and are joined by three rows of alternately spaced 
tubes originating through the rear wall under the arch, 
to form two wide-spaced tube rows and three close 
spaced tube rows directly ahead of the former furnace 
outlet screen tubes. Water supply is by headers connect 
ing to the center of five downtakes froin the drum. This 
arrangement is shown in Fig. 4, a sectional side elevation 
of the modified unit. 

Channel Trap. At the economizer gas outlet, a chan 
nel trap was installed to prevent large chunks of ash de 
posit falling onto the air preheaters. These channels are 
nearly vertical, Fig. 4, the lower ends passing into an en 
larged cinder hopper. The hopper bottom was provided 
with a vertical 6-in. pipe bypassing the air preheaters and 
emptying the refuse into the ash hopper below the air pre 
heaters. This hopper is serviced by the plant ash-dis 
posal system. 

Improvement of Unit Draft Losses. During the experi 
mental period previously described, induced-draft-fan 


requirements had been excessive due to the plugging of 
the low-temperature reheater, superheater, and econ 
It has been apparent 


omizer, and the air preheaters. 
even before this time that the dust-collector draft 
was more than 1.5 in. wg greater than the design specifica 
tions. While the other components of the boiler could be 
cleaned to restore normal draft losses, it was imperative 
to have the dust-collector loss reduced to design loss to 
provide additional operating margin should partial plug 
ging again occur, or.should it not be possible to regain 
This was 


kk SS 


complete cleanliness of the air preheaters. 
accomplished by the manufacturer installing straighten 
ing vanes in the exhaust tubes of the separator, which 
reduced the dust-collector draft loss by 1.0 in. wg at de 
sign gas weight 

\dditional draft-loss margin was provided by the fur 
nace-water-screen installation. Because the 
had a greater effect on reheater heat absorption than on 
the superheater, the proportioning dampers under the 
economizer now shifted to another mean operating posi 
tion which more nearly matched gas-mass flows through 
This reduced the dampering draft 


screens 


the two gas passes. 


loss at maximum load by about 2.5 in. wg. 
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OPERATING EXPERIENCE WITH THE FINAL DESIGN ASH 
DEPOSITS AND LOAD-CARRYING ABILITY 

These three units have been operating for 3 to 3! 
years since their final modification. Full-throttle, peak 
load operation has been carried for periods of more than 
one year without outages for manual cleaning. Manual 
cleaning at annual outages has been light. There are no 
indications of deposits in the lower-temperature reheater, 
low-temperature superheater or economizer of the type 
that once shut a unit down in IS hr at peak load. 

This improvement is demonstrated in Fig. 5 which 
shows unit availability from 1954 through 1958. The 
low availability shown for 1954-55 was due to extensive 
outages for rebuilding these units. During 1957 and 
1958 boiler availability has exceeded 95 per cent. 

Burner-Fuel-Line Plugging. The re-routing of fuel 
lines, installation of flow-balancing orifices in the pri 
mary-gas supply, the installation of flow-sensing orifices 
in the transport lines upstream of the fuel pickup tees 
and the control of fuel sizing has resulted in a major 
improvement in burner-fuel operation. Since the modi 
fication and interlocking of the fuel-line, flow-sensing re 
lays with the fuel-feeder controls, burner-fuel line plug 
ging is a rarity comparable to the occurrence of the same 
event in a The number of 
occasions that the flow-sensing orifice relays have oper 
ated a feeder interlock has been few; however, it is felt 
that in these instances the relays have prevented line 
plugging by momentarily reducing fuel flow in adequate 


pulverized-coal system. 


time to purge the line. 

Steam Temperatures (Fig. 6). At full load of SO0,000 
lb per hr steam flow or higher, the full 1005 F superheat 
Even at 
continuous full load, however, there are occasional daily 


and reheat steam temperatures are obtained. 


variations in the furnace-wall slag insulation that affect 
superheat and reheat steam temperature by 30 deg F or 
more, a part of which is counteracted by the gas-recircula 
tion control range 

As the steam flow is reduced, the convective effect of 
the furnace water screens on furnace exit-gas tempera 
tures increases, and superheat and reheat steam tempera 
tures fall off. At 500,000 Ib per hr steam flow, steam 
temperatures of 950,950 F are obtained on reduction 
from full load. Continued operation at this load results 
in gradual loss of wall slag and steam temperatures are 
the f 950/900 F superheat, reheat 


reduced to range 











Fig. 7—Economizer-outlet draft 
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We should note here that Unit No. 1 has a generally 
higher reheat steam temperature versus load charac- 
teristic than the other two units due to a 20 deg F higher 
reheater inlet steam temperature. The figures quoted 
above apply to Unit No. 2. 

Bottom Slagging. Since the studding of the lower fur 
nace walls, slagging begins on a cold startup at about 
300,000 Ib pr hr steam flow ('/; load) and the units can be 
operated continously at loads above this level. At loads 
of 600,000 Ib per hr steam flow and higher, the slag bed is 
flat and highly fluid. Some manual attention is required 
to insure against slag-tap plugging. 

Floor-Tube Failures. Continuous operation of Unit 
No. 2 at full load disclosed another problem in the oc 
casional failure of a floor tube by local overheating. The 
overheating, as shown in Fig. 9, involved a segment of 
tube metal as small as a 2-in.-diam circle and as large as a 
2-in. by 6-in. oval, with the failed tube generally showing 
an attachment of extraneous metal on the tube surface 
around the rupture site. 

Inspection of the floor conditions revealed several pot 
holes in the new refractory filled with solidified iron and 
or heavy metallic materials. The potholes varied in 
depth, some having the shape of an inverted cone with 
the apex nearly in contact with the floor blocks, others 
appearing as inverted parabolic shapes of shallow depth. 
After several failures we observed some pools of frozen 
iron that had penetrated the refractory and were in con 
tact with the floor-block surface with some melting or 
fusion of the iron pool and the floor block in an area of 
several square inches. In each instance of failure, the 
floor blocks were melted away in a rough circle from 2 to 
12 in. diam, and the edges of the crater blown in the 
refractory and slag by the escaping steam were partially 
iron, indicating the presence prior to the failure of a 
puddle of molten iron over the rupture site. Each failed 
tube had remnants of iron welded to it in the immediate 
vicinity of the rupture and metallurgical studies showed 
that overheating had occurred only within less than an 
inch of the point of attachment of the extraneous iron. 

Experience with the first unit during early operation 
had demonstrated that iron and iron-bearing materials 
would gradually replace most of the floor refractory over a 
period of about a year. In this time, the floor would 
consist of a 2 to 4-in. layer of fibrous iron separated from 
the floor blocks by perhaps !/2 to 1 in. of refractory ma- 
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Fig. 8—Furnace-outlet gas temperature versus gas recirculation 





Fig. 9—Floor failure developed from occasional tube failure from over 
heating 


Phe replacement appeared fairly uniform through 
No failures of floor tubes had occurred 


terial 

out the furnace 
in this umt other than one resulting from the expansiot 
of the bottom allowing slag to run through into the casing, 
this being the result in turn of an erection error in not 
welding certain straps that normally restrain the outward 
movement of the side walls relative to the furnace bottom 
10 shows a possible sequence of failure based on 
irious floor 
of the 


Starting with a new refractory floor and the generation 


Fig 


inspection of sections without failures as 


well as the evidence failures themselves 

# the usual iron compounds, either localized heating o! 
part of the slag surface or localized spalling of the refrac 
tory due to variations in refractory quality or installation 
technique could result in iron puddles forming in depres 
is observed in these floors 
high thermal conductivity of the 


refractory under 


sions in the refractory Owing 
to the 


bearing materials the 


relatively iron 


thinner such a 
puddle would be exposed to greater spalling tendencies 
than refractory of normal thickness under a flat iron-slag 
layer Thus the puddle would tend to deepen itself by 
ibnormal spalling and, or reaction with the iron 

In either case, the formation of an iron puddle that 
deepens faster than the normal penetration will result in a 
contact of molten tron with the cast-iron floor-block sur 
race \t the 


molten iron at high te 


moment of such contact, a large mass ol 


mperature and high thermai conduc 


tivity is im contact with the block and tube through a 


small cross-sectional area, with a resulting instantaneous 


local heat flow that raises the tube-metal temperature in 


the area of contact to the level of failure at the operating 


stress. Upon rupture, the jet of saturated water and 


steam at 1550 psig blasts the molten iron, refractory and 


slag away from the floor, leaving a crater possibly 12 to 
24 in. diam with a rim of frozen slag higher than the re 
maining floor level. The only evidence of the former 
molten-iron puddle is the thicker-than-average edge of 
iron around the slag crater and the remnant of iron welded 
to the tube around the rupture. 

There were six floor-tube failures in 17 months prior 
to the regulation of fuel sizing. In the next S months 
there were 3 floor-tube failures as described and one slag 
breakthrough which did not rupture atube. The operat 
ing company has since replaced the gunited and or cast 
chrome refractory floors with a magnesite refractory and 
increased the refractory depth from 5 to In the 
past 2 years there has been only one floor-tube failure. 


Sin 


Present practice is to replace the magnesite refractory 
at 13-month intervals, although one floor has been in 
service longer than this without a floor failure 

Fuel-Size Che floor-tube failures 


Control cited in 


1956 on Unit No. 2 were due in part to variations in local 


heating of the floor-slag surface by release of large heat 
quantities by combustion of large fuel particles on and in 
the slag surface. These variations could be the cause of 
uneven iron penetration, puddling and consequent fail 
ure. During the startup of Unit No. 2 as modified, in 
December 1955, fuel-size control had permitted the firing 
of fuel ranging up to 19 per cent plus 8 mesh, with con 
siderable piling of large-size fuel on the floor, particularly 
against the walls. Since March 1956, fuel size has been 
controlled at not larger than 1.0 per cent plus 8 mesh, with 
resultant elimination of visual fuel drifting on the slag. 
Performance of Channel Trap. The channel trap 
installed below the economizer to protect the air pre 
heaters against gravel-sized particles of ash deposit has 
is-in. stainless 


given no difficulty. A mesh screen of 


steel rods on 'y-in. centers, laterally and vertically was 
installed downstream of the channel sections to catch any 
material that passed the channels. The expectation was 
that it would be more desirable to plug the screen than to 
plug the air preheaters should the channels prove inade 
quate. To date no ash deposit has been found on the 
screens, indicating satisfactory performance by the chan 
nels. It should be noted, however, that the practical 
elimination of ash deposition in the primary reheater has 
made channel-trap performance somewhat academic. 

Che draft-loss performance of both channel trap and 
the back-up screen are reasonably small, the loss being 
about 0.4 in wg for the channels and 0.2 in. wg for the 
screen at a gas flow of 2500 Ib sq ft hr approaching at 
670 F 

lluminum Boiler rhe 
applied to Unit No. 3 has given no problem to date. On 
burner 


Casing all-aluminum casing 


one oceasion in early operation, blocking ola 


Figure 10——Sequence of floor-tube failure-left, the original floor construction; middle, the molten iron penetration, right, the actual tube failure 
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Fig. 11(a)—Reheater ash deposit in place 


secondary-air port caused hot air to be diverted from the 
windbox under the casing, resultitig in the deformation of 
a short vertical aluminum-channel section used as a casing 
stiffener Phe was removed and a 
replacement welded in by inert-gas-welding techniques. 


damaged section 
There have been no recurrences. 

Burner and boiler design in recent years has moved 
toward the support of burners directly from the furnace 
walls with elimination of slip joints at the juncture of 
windbox and casing, and the substitution of seal-welded 
joints. With present types of construction the incident 
referred to could not have occurred. 


Some Special Notes 


FURNACE PERFORMANCI 


These units are successfully burning dried lignite of a 
size consist | per cent plus S mesh and about IS per cent 
minus 200 mesh in a tangentially-fired, slag-tap furnace 
of normal design. Fig 
these fuels with standard stoker sizing and with pulver- 
ized lignite sizing on a USB Mines coal size chart. 

A studded tangentially-fired, slag-tap furnace similar 
to these units could be designed to burn this fuel success 


| compares the size consist of 


fully in a size consist as coarse as 5 to 7 per cent plus 8 
mesh and 12 to 14 per cent minus 200 mesh. This per 
formance was not intended for the subject units, and can 
not be attained by them as built because their specific 
floor design will not withstand high heat-release rates in 
the floor slag. While no exact limit can be specified, the 
operating fuel size limit has been established by visual 
observation of the amount of fuel impinging on the floor 
slag surface to not in excess of | per cent plus 8 mesh. 
At this size the floor-slag surface is clear and few 
fuel particles visibly burn in the slag. 

The furnace-wall insulation effect of this fuel ash is 
greater than expected of pulverized slag-tap fired Eastern 


range, 


coals, or of pulverized Midwestern coals fired in dry-hop 
per units. Whether this effect is due to the size consist 
of the fuel or to the chemical nature of the ash, we are not 
prepared to state 
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Fig. 11(b)—Reheater ash deposit removed 


DISTRIBUTION OF ASH FIRED 


Ash distribution and carbon loss were determined on 
Unit No. 2 as finally modified with furnace screens and 
furnace-wall studs. A thorough dust-sampling traverse 
was made at the economizer interbank plenum using 
three inserts from each side of the unit and traversing 
three points at each insert. A series of 7 tests was run at 
25 to 35 per cent excess air with 3 to 14 per cent gas 
recirculation, primary-air transport, fuel size up to 2 per 
cent plus 8 mesh, and full-load steam flow of 810,000 to 
“60,000 Ib per hr. These data are shown in Table III 

Dust loadings indicate from 22 to 30 per cent of the ash 
fired appears as fly ash, the remaining 70 to 7S per cent 
of the ash being removed as slag. It is likely that the 
fraction of ash fired to the slag would have been somewhat 
greater when firing coarser fuel. 

Carbon heat loss to fly ash ranged from 0.5 to 0.5 per 
cent of the heat in fuel fired. No combustible has been 
found in the slag. 


ASH-DEPOSITION CHARACTERISTICS 


The ash deposit which was most troublesome in these 
units was a fibrous sintered growth, Fig. 11, that occurred 
in the primary reheater at gas temperatures of 1700 to 


1800 F. Microscopic examination of many pieces of this 
type deposit showed that the particles were perfectly 
spherical as is true of normal pulverized-coal fly ash due 
to freezing of the molten droplet in gaseous suspension as 
it passes the furnace outlet. Also, these spherical par 
ticles were attached in tangent contact with no percep 
tible deformation of the spheres, indicating that impinge 
ment and attachment occurred when the ash particle was 
cooler than its temperature of initial deformation 
Attachment was not due to plastic deformation of the 
fly-ash particles, but to some bonding agent present at 
the surface of the particles. 

Fig. 12 is a photomicrograph of fly ash from the dust 
collector showing the perfect spherical particle shape ot 
Fig. 13 is typical of many photo 

reheater deposits showing tangent 


normal particles. 
micrographs of LT 
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ittachment between fly-ash spheres with no deformation 
of the parti les 

Many chemical analyses were made of these deposits, 
but the exact nature of the bond was not determined, per 
umount of such agent that would 
rhe underlying 


haps due to the minut 
be necessary to sinter these deposits 
deposit next to the primary 
enamel-like and contained a high proportion of calcium 


tubes of the reheater was 


sulfate, a compound that exists in the raw lignite in 


unounts varying up to 50 per cent Che outermost por 
tions of the thick deposit resembled normal lignite ash in 
chemical composition For some time it was suspected 
that the 
ilkali compounds on the outside of the fly ash cenospheres 
is described by Crossley (2) and Marskell (3 


alkah 
March 1955 we received a preprint of a paper by Crum 


bonding might be a fusible coating of condensed 
, despite the 


low concentration ol found in the deposit. In 


cribing calcium-sulfate-bonded de 
England which strikingly paralleled 
Chemical bond 


temperatures much below the ash 


ley, et al t), cle 
posits observed 
our primary reheater-deposit analysis 
ing could occur at gas 
softening or initial deformation temperatures of the fly 
ash The 
occur is dependent on the nature of the bonding material, 


temperature below which bonding would not 
being about 1500 F for simple alkali compounds 

The St 
tilization of chemical compounds from the fired ash in the 
Volatiliz 


bonding actions have been attributed to vola 


flame or slag ition depends upon high flame 


Fig. 12—Dust collector fyash X215 


above 2700 F) which are obtained in most 
slagging-type furnaces. In dry-bottom 
veloped flame temperatures are lower and volatilization is 
less likely. In addition, slagging-type units firing coarse 
fuel tend to concentrate the volatile-ash compounds by 
removing 70 to 90 per cent of the ash fired as slag, so that 
all the volatile material appears in the fly ash with a small 
part of the original nonvolatile ash. A dry-bottom unit 
passes 60 to SO per cent of the ash fired out of the furnace 
as fly ash, thus diluting the effect of any volatilization 
with the bulk of the nonvolatile ash. 

Today, these units are operating continuously with gas 


temperatures 
furnaces, de 


temperatures entering the primary reheater of 1530 to 
1560 F. Ash deposition at this point is light enough that 
a retractable sootblower operating on a 12 to 24 hr cycle 
can maintain the section in clean condition for up to 13 
months of full-load operation with little manual cleaning 
of the reheater required during the annual outage 

Ihe ash deposition that formerly occurred in the pri 
mary reheater now occurs in the high-temperature re 
heated pendant zone, where it can be removed by retract 
able sootblowers and dropped into the furnace over the 
arch slope While 
into the primary reheater, the amount is small enough to 
be broken up by the retractable sootblower at this point, 
ind the growth of deposit at this location is so slow that 


some of this material is blown back 


no appreciable build-up of fly ash occurs on the blown 
back chunks 

In summary, we can state that the permissible gas 
temperature level at any particular location in a solid 
fuel-fired unit is not a function of ash-softening-tempera 
but depends on the nature of chemical bond 
\lso, the 


level is. the 


ture range, 


present in the coal ash more 


gas-temperature 


ing agents 


important criterion ol 


capability of the heat-absorbing surface at that point to 


receive, remove and dispose of ash deposits formed in 
place. The fundamental limitation encountered in these 
units was not alone the fact that de posits were formed at 
a given temperature level, but that the horizontal pri 


mary-reheater surface was not capable of handling such 


Fig. 13—Reheater ash deposit X 215 
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rABLE IV 
Ash in Fuel as Fired 
Range of 34 Fuel Samples 
Specification Min Max 
4 8.4 28.9 
9.0 
uy 
19 
0 
i 


ash deposits. This function can be performed by pend 
ant-type surface of wider spacing, and in more recent de 
sign, by platen-type surface which can be operated with 
impunity at gas temperatures above the softening tem- 
perature of the ash when placed directly over the furnace 
cavity 

CHEMICAI 


COMPOSITION OF THE LIGNITE ASH 


Table IV gives the range of chemical analyses of ash in 
feeder samples of dried lignite taken daily over a period 
of many weeks. Note particularly the high percentage 
of calcium and sulfate in nearly stoichiometric ratio. 

During this period, the units were inspected twice 
daily or more often and written notes and sketches pre 
pared to show the extent of furnace-wall slagging, bottom 
slag conditions and unit heat-absorption distribution. 
We could make no correlation with the variation in daily 


ash chemical analyses 


FUEL ABRASION 


hese 


ported in suspension 


i rematkable abrasion when trans 
Che original pneumatic transport 


fuels exhibit 
between the driers and the boiler-fuel storage silo had 
fuel-line few 
were constructed at the 
Tule ] to abrade On a laver of retained 
eventually wore through 


erosion problems in the bends within a 


months of start-up Boxes 
elbows to allow the 
fuel, but these tor This svs 
tem has been removed ind replaced by a mechanical con 
veyvor system 

Che boiler-burner, fuel-transport system has also had 


its share of erosion problems. Because of the fuel-size 


found necessary to assure 


flow were somewhat higher than the best design practice 


consist, transport velocities 
in pulverized-fuel lines, being 90 to 100 fps maximum 
rather than 70 to SO fps used for fine coal transport 
Chere 1s some evidence that larger size coal particles are 
more abrasive than fine coal. As a result, the burner 
transport lines have suffered considerable erosion in serv 
fittings through in 


about 10 months in fuel lines operating at 120 fps velocity 


ice The original cast-iron wore 


and in not more than 14 months in lines operating at SO 
fps velocity 

At present the operating company is using Ni-Hard 
Both Ni-Hard castings and 
burner parts have a life of about 2 
built up with hard-surfacing rod, after which an addi 


cast fittings with |-in. walls 


vears before being 
is obtained 


tional year of servic This corresponds to a 


life expectancy of 130,000 tons of fuel per burner 


FIRING OF LIGNITE CHAR 


Char has been fired only intermittently for periods of 
less than 2 weeks each, the limitation being in the deposi 
tion of the tar production. Tar storage is limited and 


carbonizing runs must end when tar capacity 1s filled 
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CHEMICAL COMPOSITION OF LIGNITE ASH 


Ash Deposits Removed From Boiler 
H.1 H.1 

Primary Reheater Deposits Reheater Superheater 

9.1 14.9 2 19.3 10.7 

9.8 7.3 7.3 $6 

12.6 0 J & 6 

0 0 

27.6 25 


5 25 15 


1 i 
3.9 1.8 : 0 


156 17.1 5 28 


except when an order is being made up for immediate 
shipment. 

The carbonizer will supply char to carry approximately 
'/; of full load on one unit. To date char has not been 
fired alone, since electrical demands have required full 
load boiler operation. Observation of mixed lignite and 
char firing with primary flue-gas transport to the burners 
has disclosed no perceptible difference in the operation of 
the furnace. Slagging in the bottom appears normal, 
and furnace-wall deposits appear to be the same as when 
firing dried lignite alone. 

When hot char at 900 F is handled in the fuel silo with 
dried lignite at 200 F, there is a tendency to carbonize 
the dried lignite in contact with the char, driving off light 
oil and tar These have caused no particular 
operating problem as yet, but the vapor seeps through 


vapors. 


fuel downspout and feeder gasketed joints, immediately 
condensing in the ambient air. The resultant wetting of 
external surfaces with tar and oily liquids is a minor 
nuisance. 

While the char has slightly less volatile matter (25.5 
per cent versus 39.5 per cent) than the lignite, it is finer in 
size, containing significantly more minus 200-mesh ma 


terial, and it is a very reactive fuel 
Effect of Flue Gas as a Primary Fuel-Transport Medium 


Dried lignite has been fired using 100 per cent hot-air 
transport from the feeders to the burners. When firing 
lignite char, this air is diluted by flue gas to 14 per cent 
oxygen because of the reactivity of the hot char. Origi 
nally burner transport was designed for a mixture of flue 
gas and process transport air at 12 per cent oxygen 

Since there has been some question as to whether the 
use of primary gas transport had contributed to the firing 


4 weeks 


conditions, a trial operation was conducted for 2 
using dried lignite and flue-gas-air at 14 per cent oxygen 
for fuel transport in a unit that had received the final 
modification. The result indicated that full-load opera 


tion was not significantly altered by the primary flue gas. 


Fig. 14—Reheater ash deposit X 215 





Phere is an effect on bottom slagging ability at reduced 


loads which raised the lowest slagging load from 300,000 


Ib per hr to perhaps 350,000 Ib per hr steam flow. Fur 


nace-wall slag and ash deposition in the primary surfaces 


ire not perceptibly changed from the 100 per cent pri 


mary-air operation Steam-temperature control is im 


proved since the total gas-recirculation capability is 


imcreased when using the transport fans on gas 


Fig. S 


primary 


shows the effect of primary gas and recirculated 


gas on furnace gas- In this unit, the 


fli vus 


exil 


xit temperatures 
furnace acts to reduce fur 


whether introduced through 


recirculated into the 


nace ra temperatures 


the burners or above the windbox 


Conclusions 


lhe fuel used in these units is unusual in many respects, 


since dned lignite alone cannot be justified as a power 


REFERI 


plant fuel, except as a standby fuel when the chief fuel is 
lignite char processed from the dried lignite. Normal 
practice would provide raw pulverized-lignite-firing in 
dry-hopper furnaces, so that separate stack losses would 
not be incurred by separate drying and combustion facili 
ties, and less manpower would be required to operate 
auxiliary equipment 

fuel of 
chemical 


that an unusual 


ash of 


These units demonstrate 


unusual size consist with an unusual 
bonding tendencies can be burned successfully in a slag 
ging boiler furnace of near-normal design The essential 
design feature must be the determination of any special 
chemical-bonding tendencies of the ash, and the arrange 
ment of unit heat absorption to provide surfaces of proper 
ash-deposit-handling characteristics at all locations where 
flue-gas temperatures exceed the lower temperature limit 


for chemical bonding 


NCI 


ind € 
12-221 
Fletcher 
1 Pulverized 


1055 
Moo 


Symposium on the Optical Pyrometer Temperature Scale 


lo taciltate the exchange of information and ideas on 
Op 
Na 
19S Spon 
ind the High 
Laboratory 


temperature 


romets i Symposium on. the 


was held at the 


high-temperature py 
tical Pemperature Seale 
tional Bure ndard:s 
ored by the Heat Divi 


Pyrometer 


sta Oct > CO Ze) 


iu ol 
Bureau 
National 


prese nt 


ion of the 


Femperature Group of Argonne 


this Symposium concentrated on 
4 ile 
optical pyrometer techniques and instruments 
possible use of thi 


nt improvements 1n 
and the 
bevond 4000 K 
Herzfeld, Chiet 


ind calibration practices, re¢ 


temperature scale 


Chairman of the Symposium was C. M 


] 

' 
Bureau's Heat Division 
In the last few years, the interest in high-temperature 


of the 


ited a demand tor optical pyrom 


Chis 
questions about procedures for 
Femperature Seale at high 
ibout the calibration 
of optical pyrometers 
National Bureau of Standards 
have shed new light 


measurements has cre 


eters capable ol greater precision ind accuracy 


need has raised many 


realizing the International 


temperatures (above L065 ¢ ind 


manutacture Recent 
studies, principally at the 
National | 


on some of these problem 


use, and 


ind Argonne iboratory 
these ideas 
at the 


individual 


lo communicat 


as rapidly and conveniently as possible, and same 


discussing 
Optical 


time provide an opportunity for 


problems, the Symposium on the Pyrometer 


Femperature Seale was planned 


frends in the Bureau's work on optical pyrometry 


were outlined at the beginning of the conference by Dt 


Herzfeld. He pointed out the necessity of improving 


44 


methods of temperature measurement in the range S00 
Here accuracy, pre 


need 


to 4000 C under ideal conditions 


c1s10n ind convenience of operation further im 


provement \n extension of methods for measuring 


temperatures under ideal or approximately ideal condi 


1000 to 10,000 C is also required In 


tions in the range 


addition temperature measurement 
under nonideal conditions, such as in flames and comph 


needed along with more fundamental 


Mnproveimne nts in 


cated systems, are 
research leading to new and better ways of measuring 
temperature 

The procedure employed at Argonne to establish the 
to 2500 C was 
Winslow of that labo 
was the 


scale in the range of L000 


R. J. Thorn and G. H 


starting point for the 


temperature 
discussed by 
Phe 
Ireezing point of copper 
1OS3 C on the 1948S International Temperature 
\bove the black 
structed of tungsten, contained in a vacum and heated 1n 
was employed as a light source advan 
t black body rather than 
Effective wave lengths, calculated 


ratory calibration 
which has been determined as 
Scale 

con 


Ireezing poimt of copper a body 


ductively Some 


a tungsten strip 


tages ol using < 


lamp were discussed 
from the measured transmissions of the pyrometer red 
filter and the standard visibility function, were presented 
Che National Bureau of Standards and Argonne National 
Laboratory optical pyrometer temperature scales agre¢ 
within | C at the gold point, but differ by 4 deg above 
LG00 ¢ It is suggested that the most likely source of the 


difference lies in the effective wave lengths 
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200,000 


100,000 __WEAR-OUT 


RANDOM 
FAILURE 


ELAPSED OPERATING HOURS 


INFANT MORTALITY 
0.1 1.0 10.0 








PROBABILITY OF FAILURE IN % 


COMPONENT 





COST OF 








0.01 0.1 1.0 10.0 99.9 


PROBABILITY OF FAILURE IN ¥ 


i—~Relationship between cost and probability of failure 


4 


Fig. 1—Failure curves can be developed, once frequency of failures has 
been established 


Criteria of Equipment Reliability Evaluation 


Availability or equipment reliability are matters of 
vital concern in power plant operation and, of course, 


in equipment purchase. Here a leading figure in the 


design and application of the boiler feed pump 
probes into the thinking behind attempts to evaluate 
reliability and poses the question as to whether it will 
ever be possible to confine evaluations to statistical 


studies. 


T is characteristic of the components of modern tech 
nological processes that they are required to operate 
under more severe and more exacting conditions than 
ever before It is just as characteristic that these com 
ponents are required to perform with a greater degree of 
reliability, because unscheduled interruptions, particu 
larly 


mnportant In 


affecting production, have become more 


other 


those 


words, just when 
more costly and 


much more likely to occur as a 


equipment 


failures are becoming less welcome 
they 
result of the increasing complexity of our technological 


and of all We are 


i conflict between the need of greater reli 


have also become 


processes their component parts 


faced with 
ability and the impact of new problems which threaten 
this reliability , 

My studies of the reliability of one specific component 
of the steam power plant, the boiler feed pump, have led 
me to the realization that the very concept of reliability”’ 
requires Clarification. Reliability is a concept, an idea, 
but it is also a real thing even though it cannot always be 

Annual Meeting of the ASME, St. Louis, Mo 
4.2 under the title A New earch for 


Evaluation 


M ager of Planning 


Harrison Di 
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Worthington Corp. 


expressed numerically. Once this is understood, it 
becomes possible to apply logical steps in the evaluation 
of different designs, techniques, applications and oper 
ating practices. It is therefore with a clarification of the 
concept of reliability and with a discussion of the prac 
tical meaning of this concept that the present paper will 
deal. 

Because of my long-term association with boiler feed 
pumps, I have chosen to use this particular piece of 
this search for new criteria of 


I fully realize that I risk finding 


equipment to illustrate 


reliability evaluation. 


myself between two camps. On one hand, there are the 


reliability experts to whom the tremendous impetus ot 


aircraft and missile construction have given great 1n 


sight into this problem. To them this paper may appear 


as merely an elementary introduction to the subject. 
(nd on the other hand, 
whom a search for a new approach into equipment evalu 


academic 


there will be found engineers to 


ation will appear as an entirely unnecessary 


exercise. I can merely hope that I find some congenial 
company between these two camps to whom this analy 


sis may be of use and of interest 





Wat Is RELIABILITY? 


IS possess d of very intangible 
define it 


Phis word, ‘reliability 


characteristics. I have frequently tried to 


but never have I succeeded in improving a definition | 
4 

a firm manufacturing 

Phe reliability 


of a particular component or system of components ts 


once read in the advertisement of 


components for electronic computers 


the probability that it will do what it is supposed to do 


under operating conditions for a specified operating 


time 
difficult it must be to 


a Significant number to the reliability of 


Chis definition tlustrates how 


iSSign a boiler 
feed 
necessary to carry out statistical research with a number 


pump lo calculate or predict a probability, it is 


of units much higher than ts available for such research 


To detine condition it is not suflicient to 


operating 


list required capacities and pressures, prevailing tem 
peratures and expected variations of these three items 
It 1s 


factors and event 


ilso necessary to predict iny and all possible other 


which may interfere with the ability 


ol the purnyp to do wh it it1s supposed to do 


PROBABILITI DEFINITIONS AND RELATIONSHIPS 


We said that reliability is the probability that a certain 
nent or system of components will do what it 1s 
to do 


dictionary, we 


COMLp 


intended But what is probability? If we con 
sult a 


of probability 


find that of the precise meaning 


conflicting views among 
But 


a reasonably 


there ire 


mathematicians, and statisticians 


philosophers 
for our particular purpose we can do with 


simple definition, equating the term “probability’’ to 
that of “chanee In 
out ot a that a occur, the 
probability is one out of a hundred, or 0.01 Che / ota 
Probability of all alternate events 1s 1.00, that 1s 100 per 
cent And the 


bility that it will not fail, or 1.00 less the probability of 


other words, if chances are one 


hundred certain event will 


reliability of a component is the proba 


simular 
and the 


probability of successful Operation or reliability is 1.00 


failure; if ten components out of a thousand 


components fail, the probability of failure is 0.01 
less OL.OL. or 0.99 
We know 
that the 
product of their individual probabilities 


something more about probabilities. We 


know probability of a series of events 1s the 
If we deal with 
i system of one hundred components which, when opet 
ited together 
successful operation of the power plant requires the suc 
then the 
the product of the reliabilities of 
\nd if the individual re 
habilities of the components are assumed to be 0.99, the 


reliability of the power plant will be 0.99 multiplied by 


make up a steam power plant and if the 


cessful operation of each component reliability 


of the power plant 1S 


each one of the components 


itself one hundred times, or 0.3665. In simple terms 


we could expect a plant to be out of service about two 


thirds of the 
plants to 


time and only one out of each three steam 


powel operat satisfactorily Pwo plants 
would be in unscheduled outage 

This is certainly a cheerless conclusion to reach and 
know to be \fter 
ll, unscheduled outages in steam power plants are the 
rather than the Phen, what 


with the assumption which we have made? 


one that we contrary to experience 


exception rule is wrong 
y 


There are 
certainly at least one hundred components in a steam 
plant, the 


which is essential to the operation of the 


successful operation ol each one of 


plant. The 


power 
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difference between our calculations and operating ex 
perience arises, more than likely, from assuming that 
the reliability of each component was only 0.99. Had 
we assumed an individual reliability of 0.999, the overall 
reliability would have quickly climbed from 0.3665 to 
0.906 

If the individual reliability is raised 
of ten thousand units—the 
Now only one steam 


Let’s try again 
to 0.9999-—one failure out 
overall reliability becomes 0.991. 
power plant out of one hundred will be experiencing an 
unscheduled outage. Of course, the reliability factors 
for a group of dissimilar components do not fall neatly 
into line as 0.99 or 0.9999 but are probably a family of 
tactors 0.99 0.9999. Still, this 
example is useful to illustrate the cumulative effect of 
the 


ponents 


ranging between and 


reliability of a large number of individual com 
Of course, some distinction can be made as to the ex 
here is a marked difference 
a plant with no 


tube 


tent of equipment failure 
a complete pump failure in 


leak in,a 


between 


standby pump and a heater where the 


heater can be temporarily byfassed for repairs without 
| I I 


shutting down the steam plant. Likewise, there may be 


some argument as to the number of items comprising the 
whol Is each heater considered a component or each 


in the heater? Is the pump with its drive and con 


trols one unit, or three? 


tube 
Or is each pump made up of 
hundreds of individual components, each with its own 
reliability factor, each factor of equal weight in evaluat 
pump \dmittedly 
of numbers will influence the meaning of the reliability 


ing overall reliability ? this choice 


factor. But in our particular case, the question is 


strictly academic; we are not aiming at establishing a 


valid, quantitative value for the probability of failure 
of a steam plant, but rather at developing a climate a 
mode of thinking of reliability and of all the factors that 
affect it may learn 
about precise numbers, the consideration of conditions 
that could affect could in itself be 
important achievement 

Che moral of all this for 
is that minute variations in the individual 


may Regardless of how much we 


reliability our most 


there is a moral to these 
calculations 
reliabilities of the components that comprise a steam 
power plant will have a telling effect on the satisfactory 
When we make an effort 


to improve the reliability of a given piece of equipment 


operation of the entire plant 
even the slightest bit, we aim to achieve very important 
improvements in the sustained operation of the process 
or of the plant which will be served by this equipment 
uid this remains true whether we can measure reliability 


or not 


Can We CLAssiry FAILURES? 


But even if we cannot assign a significant number to 
the reliability of a component of a steam power plant 
such as the boiler feed pump, we can attempt to classify 
the failures of which this equipment can be a victim. 
I recently read an article on maintenance problems 
which gave me an entirely new point of view on the sub 
ject of reliability. It proposed a classification of service 
interruptions from component-part failures into three 
groups a) Infant mortality, (6) random failures, 


c) wear-out 


Developments in the Analy 


is of Maintenance Problem by J. D. Quinn 
EK I du Pont Company, Mec/ i tee? ( 


October 1957, p. 931 
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TABLE 1 


CAUSES OF INFANT MORTALITY OF BOILER FEED PUMPS 





FAULTY c) FAULTY 


COMP ONENTS 


FAULTY 
DESIGN 


INSTALLATION 


UNFAVORABLE 
EXTERNAL 


d) IMPROPER e) 
OPERATING 





Inclusions Inadequate 


in forgings 


Hydraulic 
imadequacy 


Porous CDistorting 


castings 


Mechanical 
inadequacy 


Inaccurate 
alignment 


Errore in 
machining 


Inadequate 
choice of 
materials 


Errors in 
assembly 











suction piping 
configuration 


piping stresses 


PROCEDURE CIRCUMSTANCES 





Electrical 


Inadequate 
disturbances 


cleaning of 
suction piping 


Main unit sudden load 
reductiaw or complete 
trip-oute 


Inadequate 
warm-up 


Faulty operation Control failures 


of valving 














Infant mortality is defined as that group of failures 
which occurs in the early stages of operation and which 
can be ascribed to faulty components, faulty installation 
or initial operating procedures. Random failures indi 
cate a situation that could be classified as ‘“‘out of con 
trol.’ The wear-out classification can be a normal situa 
tion if the operating hours approach the expected or 
designed life of the components 

The number of operating hours for a large group of 
machines or components can be plotted against the 
probability of failures. Such a typical curve is shown 
in Fig. 1. The shape of the curve discloses a very definite 
subdivision of a// failures into these three categories 
But what is more important, it gives an immediate indi- 
cation of the areas where improvements can be made by 
careful analysis and changes in design, operating pro 
cedures, and so on. For instance, if faulty installation 
is causing excessive infant mortality, proper training of 
the mechanics will remedy this problem. Excessive 
random failures may indicate the inadequacy of the 
components to withstand certain unanticipated over 
loads. Wear-out which occurs considerably below the 
expected life of the equipment may require product re 
design to meet the prevailing operating conditions which 
apparently are too severe for the existing design param 
eters 

Such 
dealing with 
on which reasonably records 
Thus, a situation, initially described by curve A in Fig. 
1, can be improved to yield curve B by reducing infant 


a curve can be constructed readily if we are 
a mass-produced and mass-applied item 
available. 


accurate are 


mortality and random failures. 

But when it comes to boiler feed pumps, there is an 
immediate obstacle; namely, the number of high-pres 
sure boiler-feed-pump installations is not high enough 
studies to be valid, and accurate 
of either minor or major 


for such statistical 
records of failures in the field 
nature 

One may say, 
failure classification when we cannot prepare a quanti 
tative curve which would give us any clue to the wisest 
course to follow in our choice between different designs 
or arrangements? I feel that the concept is useful for 
focusing our attention ou the difference which exists 
between various types of boiler iced-pump failures. We 
can begin by dispensing entirely with the wear-out prob 
lem on the assumption that the life of the modern high 
pressure boiler feed pump is of the order of 100,000 hr, 


are not readily available. 
then, why introduce this concept of 
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if no other causes of failure interfere with the gradual 
process of wear in the internal clearance parts. We 
can likewise pay just nominal attention to the random- 
failure portion of the curve cn the assumption that the 
user selects his equipment with the thorough under- 
standing that some designs can withstand certain tran- 
sient operating conditions better than others 


INFANT MORTALITY 


We are left to deal with infant mortality. What are 
the factors, then, which contribute to the infant mortality 
of boiler feed pumps? If we were to prepare a check- 
list of the potential hazards, we would first classify them 
into the following sub-groups: 


(a) Faulty design. 

(b) Faulty components. 

(c) Faulty installation. 

(d) Improper operating procedures. 

(e) Unfavorable external circumstances. 


Each of these sub-groups can be broken up further 
into a number of individual causes, as shown in Table I. 

Some authorities refuse to include faulty design or 
faulty components among the causes of infant mortality 
on the ground that these two categories of failures be 
long to a production phase preceding the ‘‘birth” of the 
equipment. But this is strictly a matter of semantics 
and, for our purposes, both causes should be included 
in our considerations if we are to make a thorough analy 
sis of reliability factors; that is, they should be listed, 
but we need not enter into a detailed study of these 
causes here. We must assume on one hand that the 
manufacturer will seldom install a completely untried 
piece of equipment for regular commercial operation, 
and on the other hand that any selective analysis between 
several designs is made by an engineer capable of under 
standing and evaluating differences in design and ma 
terial potential. 

Similarly, faulty components should be, and generally 
are subject to elimination or at least major reduction 
through careful inspection. 

The remaining three subgroups of infant-mortality 
causes are well worth most thorough attention, In my 
estimation, they are the most frequent causes of boiler 
feed-pump difficulties. To begin with, there is no suit 
able excuse for any failures caused either by excessive 
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piping stresses which distort alignment in operation or 
by inaccurate field alignment. Such matters are readily 
subject to measurement and recheck 

Inadequate suction-piping configuration is something 
else again Until quite 
well enough understood with regards to steady 
but 
conditions I 


recently, suction conditions 
were 
state vaguely when it came to 
add that a 
this particular source of 


that is 


conditions rather 


transient-load should close 


relationship exists between 
trouble and one of the items in subgroup (e); 
sudden load reductions or complete trip-outs of the main 
unit. Her 


this particular phase of the subject that is an essential 


it is further education of plant designers in 
ingredient of failure reduction 

In the realm of improper operating procedures, we 
must single out inadequate cleaning of the suction piping 
ind of the equipment connected to it as the prime of 
fender Probably the boiler 
feed pump during its early life is the presence of foreign 


most serious hazard to a 


welding spatter or brittle oxide 


matter such as mill scale 
particles which can lodge in the close internal running 


clearances and cause major damage 

Inadequate warm-up procedures run a close second in 
the list of boiler-feed-pump difficulties that I have en 
countered 

When it comes to unfavorable external circumstances, 
it would seem that neither the boiler-feed-pump manu 
facturer nor the user would have any control in this area 
And yet, that is not true Of course, it is not possible to 
so regulate electrical-distribution systems that no sud 
den changes in station load will take place, no electrical 
But once the designer and the 
user are made to understand effect 
transient conditions on the boiler feed pump, they need 


disturbances will occur 
the exact of these 
no longer remain a major cause of infant mortality ——or, 
for that matter, of random failure. 
build into his boiler feed pumps a greater degree of toler 
ance for the severity of operating conditions imposed by 


The designer can 


the transients. The power-plant engineer can incor 
porate into the overall design of the feedwater cycle such 
necessary precautions and protections which will mini 
mize the effect of the transients on the boiler feed pumps. 
ECONOMY OF OPERATION 


RELIABILITY AND 


We have demonstrated the thought that one of the 
most important considerations in the selection of equip 
ment to serve in a steam power plant is the reliability of 
this equipment and its ability to give a long life of un 
interrupted service. But has still another 
characteristic and that is economy of operation. And 
a tendency to give efficiency 


equipment 


there has always existed 
that 1s economy of operation, an equal or even greater 
than We must therefore 
and consider justifiable are efliciency evaluations 
and what factors must be examined before we can look 


weight reliability pause, 


how 


it these evaluations in a proper light 

Let us again take the boiler feed pump for our example 
Phere is no doubt, of course, that a pump with a higher 
efficiency will consume less power and will have lower 
operating costs But the fundamental 
fact we must keep in mind is that the question of effi 
ciency is unalterably linked with that of reliability. In 
general, it can be stated that the desire for higher effi 
ciencies and for maximum reliabilities are incompatible. 


at least on paper 


For instance, one of the great sources of power losses 
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in a centrifugal pump is the disk-horsepower; that is, 
the power expended to drag the impellers through the 
These losses increase with the 
Therefore, power 


liquid surrounding them. 
fifth power of the impeller diameter. 
can be saved by reducing the individual impeller diame 
ters and the head produced by each impeller and by in 
creasing correspondingly the number of stages. But 
this solution increases the shaft span of the pump and the 
shaft deflection internal clearances 
to compensate for this increase, we will have reduced 
the reliability of the pump. 

Another source of efficiency improvement lies in the 
For example, a high 


Unless we increase 


reduction of internal clearances. 
pressure boiler feed pump can gain in efficiency merely by 
reducing its internal clearances. I need not comment 
on the effect of such a reduction on pump reliability 

that unfortunately, cannot 


be given a quantitative evaluation as easily as the gain 


Save to Say this reduction 
in efficiency and the savings in power consumption. 

As a matter of fact, evaluation of power costs in the 
case of a boiler feed pump is somewhat inconsistent with 
the method used in selecting pump-design conditions. 
These are generally determined by plotting the required 
system-head curve to a capacity anywhere from 6 to 
20 per cent beyond the maximum demand and, in some 
cases, adding a further safety margin to the pressure. 
All this excess capacity and pressure are provided as a 
margin against possible boiler swings and against pump 
wear and this is considered to be an absolute requisite 
for full power-plant reliability. But it would seem that 
a philosophy based on adding an arbitrary margin to the 
capacity and pressure requirements, while insisting on 
evaluating minute differences in the power consumption 
of various pump selections, is not sound. It is as false 
an approach to reality as that of any engineering calcu 
lations which start with very approximate assumptions 
and use logarithms to yield an answer to five significant 
figures. 

It is interesting to note that specifications which in 
clude efficiency evaluations frequenti, incorporate the 
statement that “everything else being equal,’’ power 
savings will be evaluated at so-and-so-many dollars per 
horsepower. ‘‘Everything else being equal” is a phrase 
which has been much overworked and frequently mis 
used in the engineering vocabulary. It is so seldom that 
everything else can be equal when one compares de- 
signs based on entirely different conceptions, that the 
expression could well be allowed to fall into oblivion. 
RELIABILITY 


First Costs VERSUS 


\nd what of first costs? This question in itself could 
serve as a subject of a separate paper 
as a matter of fact. But we can at least indicate a point 
of departure for such a study. If we limit ourselves to a 
strictly qualitative approach, we can suggest that the 
shape of a curve showing the relationship between the 
cost of a piece of equipment and the probability of failure 
has the general characteristics of a hyperbola, as shown 
in Fig. 2. There will always be a point where very 
minor savings will result in a tremendous increase in the 
probability of failure. There will also be a point at 
which any further reduction in this probability can only 
be achieved at a cost increase which is hardly justifiable. 

If such a curve could really be constructed, the choice 
relatively simple matter. 


of several papers, 


of equipment would be a 


July 19599—-C OM BUSTION 





Either one of the two approaches could be used. The 
maximum permissible probability of failure would be 
determined and, in turn, would determine the price that 
one would have to pay for the equipment in question. 
The alternative would be to determine the maximum 
price that one would be willing to pay and to learn 
living with the resulting probability of failure. Alas, 
such curves can only exist in our imaginations, at least 
for the present. 

The next degree of refinement would consist of asking 
ourselves the question whether such a curve is continu- 
Very probably not, since we can immediately 
Using the com 


ous. 
seize on an example of discontinuity. 
parison of 5 per cent chrome-steel casings for axially 
split boiler feed pumps (used instead of straight carbon 
under the attack of 
pure feedwaters) we note that an increase in cost of some 
2) to 25 per cent reduces the probability of failure from 
a fifty-fifty chance to something infinitesimal. In other 
cases, the curve may be more continuous in character; 
added costs of more thorough inspection improve reli 


steel to avoid corrosion-erosion 


ability in a continuous relationship. 

But whatever the exact nature of this relationship, 
the general shape of the curve in Fig. 2 can teach us the 
futility of buying too cheap or too dearly. 


WHat Is THE ENGINEER To Do? 


The question arises: Since it is difficult to assign a 
quantitative significance to reliability, how can this 
characteristic be evaluated and how are we to judge and 
choose between two or more pieces of equipment, osten 
sibly designed to perform the same function with the 
same degree of satisfaction? Can we assign any spe 
cific value to differences—claimed or real—-which dis 
tinguished between two methods of accomplishing a given 
function? And before I answer this question, let me 
remind the reader that in his private life he is constantly 
doing just that. He is evaluating intangibles each time 
he buys a house, a car, a suit or even a tie. He is choos 
ing without the benefit of quantitative analysis when he 
his living room, the resort for 


selects furniture for 


his vacation or the career to which he will devote his life. 

Then why does the engineer shy away from such 
evaluations in the exercise of his profession? Is it be 
cause he has heard it proclaimed that engineering is an 
exact science and that he wishes to pay at least lip service 
to that outworn cliché? Or is it because he does not 
always wish to take the responsibility of exercising his 
judgment, lest he be accused of dealing in hunches, un 
supported by solid facts? 

We engineers are faced with constant decisions, re 
quired to justify our every action, destined to make 
numberless errors and beset with difficulties at every 
turn. How easy, then, to surrender our right to make 
these decisions to a tabulation of symbols inscribed in 
black ink on an innocent piece of white paper. To make 
the mute testimony of numbers responsible for all our 
conclusions. To blame the errors on some mysterious 
inconsistency between these numbers and the actual 
facts. And to shrug off the difficulties onto whatever 
or whoever lacks the protection of other numbers, other 
equations and other dry statistics. 

But I refuse to accept this as an explanation of the 
common preference for a coldblooded evaluation of dol 
lars and Btu's, with little or no regard for the evaluation 
of less tangible equipment characteristics. I prefer to 
believe that if some engineers fail to take into account or 
even to recognize these less tangible characteristics, it 1s 
merely because they are not adequately equipped for 
this task. It is because those of us whose duty it is to 
educate others in this recognition process have, in some 
cases, failed to accomplish what we had set out to do. 
And if the thoughts expressed on these pages have in 
some measure served to focus our attention on some im 
portant factors affecting an evaluation of reliability, 
amends will have been made at least to some extent 

I can hear someone say that I have not answered all 
the questiong that I have raised. Decidedly and know 
ingly I have not, for I had set myself the task of exploring 
the little known and seldom discussed phases of these 
problems and I had made it my responsibility to ask 
these questions, not to answer them. 


Mines Bureau Reports on Cost Studies for Removing Sulfur Dioxide 


nium sulfate, sulfur, and sulfuric acid 
the market and force prices down 
Three different liquid processes for removing sulfur 
the 
method 


Estimated costs for building and operating various 
types of equipment to remove harmful sulfur dioxide 
from flue gases of coal-burning power plants in the United 
States were listed recently by the Bureau of Mines, De 
partment of the Interior, as part of a study for the Public 
Health Service under the national air-pollution-preven 
tion program 

The study centered on power plants of 120,000-kw 
capacity burning an estimated 475,000 tons of coal a year 
Costs of installing scrubbing equipment to curb sulfur 
dioxide would range from $1.75 million to $5 million, de 
pending on the gas-cleaning process used. Operating 
costs were estimated to range from $1.40 to $2.20 per ton 
of coal consumed. The operating cost would be lower if 
marketable by-products were recovered from the furnace 
gases 

Bureau researchers point out, however, that credit for 
products obtained from the scrubbers ‘‘should be allowed 
ammo 


with extreme caution because the materials 
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might saturate 


dioxide from flue gases were listed by the Bureau 
limestone, ammonia, and the sodium sulfite 
Without considering credit for by-products, the Bureau 
said that capital investment and operating costs were 
lowest for the limestone process 

A publication describing the study, written by J. H 
Field, L. W. Brunn, W. P. Haynes, and H. E. Benson, 
points out that the rising consumption of fuels with rela 
tively high sulfur content, particularly in heavily popu 
lated areas, has caused increased concern over atmos 
pheric pollution by sulfur dioxide 

In studying the problem, the Federal researchers found 
that many elements must be considered, including the 
amount of allowable sulfur dioxide that power plants 
are permitted to discharge, the sulfur content of the 
fuel used, and the varying prices for by-products 
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Here’s how the Pennsylvania Reversible Hammermill 
will help lower your operating costs 


As the coal enters the mill it is precrushed in the upper 
zone by being struck by the hammers in free air, 
driven against the breaker blocks, ricocheting and 
struck by hammers again. Only small lumps enter the 
lower crushing zone for final reduction before escaping 
through the cage bars. There’s no dragging of hammers 
through oversize in the lower crushing zone. Thus 
wasteful fines are held to a minimum along with ham- 
mer wear and power requirement. The easily adjusted 
cages assure you a uniform product for the life of the 
hammers regardless of variance of the physical proper- 
ties of the coal. The cage adjustment also permits you 
to wear the hammers much further, and, due to reversi- 
bility of the rotor, there is no manual turning of the 
hammers. Get the complete story of these crushers. 
Send for bulletin 1040. Pennsylvania Crusher Division, 


Bath Iron Works Corporation, West Chester, Penna 


Penn 
CRUSHER 
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The advisability of installing an air preheater on an 


industrial boiler is given a close scrutiny. 


Two specific 


case histories are advanced on which studies were 

conducted and the principal factors determining 

selection and installation of an air preheater were 
identified. 


The Economics of Air Preheat on Industrial 
Boilers 


By CHARLES L. BROWN} 
The Air Preheater Corp. 


ETERMINING factors in the evaluation of heat 
recovery equipment are the fuel cost, amount of 
heat recovery, equipment cost and equipment in 
stallation. 

The regenerative air preheater performance discussed 
in this paper is representative of the average installation, 
and its evaluation clearly presents the application of the 
determining factors. Performance data for this particu 
lar installation show the payout time for the preheater 
with various 1.64 years, 1.3 1.08 
years and 0.92 years, which result in a 61.3 per cent, 
72.2 per cent, 93.0 per cent and 108.7 per cent return 
of capital invested. These returns and payout times 
were based on an increase in boiler efficiency of approxi 


fuel costs as years, 


mately 10 per cent 

The boiler in question was originally purchased by 
the Southern Kraft International Paper 
Company, with provisions for firing only fuel oil. The 
possibility of an anticipated shortage of fuel oil caused the 
boiler to be adapted for firing pulverized coal at the start 
of World War II. However, the need to fire pulverized 
coal was never realized, since the fuel oil supply was 


Division of 


* Presented before the American Power Conference, Chicago, Il)., Mar. 31 


April 1, 2, 1959 
t Technical Consultant 


Y 


DOLLARS PER TOA 


YEAR 
Fig. 1—Cost by years—coal 
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never interrupted. The pulverizers were only operated 
for a period of 4 hr, just to insure their operation. The 
boiler continued to operate with fuel oil until 1956. 
It was at this time that the cost of oil was more expensive 
than To help reduce the operating 
costs, it was decided to fire coal and when necessary to 
supplement the firing with fuel oil. 


the cost of coal. 


Fuel Costs 


Fuel costs have been increasing constantly. This 
presents an important consideration when evaluating 
heat recovery equipment. While capital charges for 
the equipment are fixed, the important factor of fuel 
cost 1s the one variable. Therefore, to approach a more 
realistic procedure in establishing the economic justi 
fication of equipment, an average fuel cost based on one 
half the expected life of the equipment should be used. 

Fuel coal, oil and natural gas are 
shown in Figs. 1, 2 and 3. The trend line on each curve 
represents the more realistic fuel costs figure. To es 
tablish the fuel costs for evaluation purposes, a fair ap 
proximation would be to take the average rate of rise 
from the preceding ten or twenty years, and project 
them to the future ten or twenty years, depending on 
the capitalized life of the equipment. That is the ap 


cost curves for 


FUEL COST TREND 


BARREL 


PER 


COST BY YEARS 
FUEL OH 
4940 (958 


YEAR 


Fig. 2—Cost by years—fuel oil 





FUEL COLT TREND 


COL? BY YEARS 
WAT URAL GAS 
940 


YEAR 


Fig. 3—Cost by years—natural gas 


proach that International Paper Company's Panama 
City Mill used to determine the economics of a package 
Liungstrom Air Preheater, when it 
rebuild one of its power boilers 

In 1955 plans were made to rebuild the boiler and 


convert to coal for primary firing 


was decided to 


Based on averages, 
the fuel cost for the coming ten years was projected and 
one-half the rise’ of the trend line was used for prelim 


inary evaluation purposes. This amounted to $9.52/ton 


or approximately $0.35, million Btu’s 


Installation Costs 


Installation costs in this particular application were 
imcreased by In rebuilding 
the in 
normal boiler outlet had to 


t shows the layout of the boiler 


repositioning ol equipment 


the boiler a dust collector was necessary. By 


clusion of the collector, the 
be repositioned Fig 
If the collector was to be used 


outlet would 


air heater and collector 


without an air heater, the have been 


LJUNGSTROM" | 
PACKAGE } 


AiR PREWEATER 


5 





ELEVATION 


. 4—General layout No. 4 power boiler 


Point “A’’ to Point “B.”’ With the in- 
clusion of the air heater, the new boiler outlet was lowered 
from Point ‘‘A”’ to Point ‘‘C.”’ Since the gas side of the 
air heater acts as a duct, there was very little additional 
gas ducting necessary over the outlet first anticipated. 

The air duct and the F.D. fan presented a different 
situation. In the event an air heater was not used, 
the F.D. fan and existing ducts would have sufficed. 
By the inclusion of an air heater, the F.D. fan could 
not be used in its former location, namely, on the level 
beneath the boiler. To effect a more suitable duct 
layout, it was necessary to change the location of the 
F.D. fan, Fig. 5. It was also necessary to revamp the 
existing F.D. fan, since the original fan could not handle 
the increased air pressure loss through the air heater as 
the I.D. fan could. Table V shows the costs of the air 
heater, F.D. fan, and duct work. From the figures, the 
“D” and “E” basis of the total cost of the air heater 
and the changes the air 
heater amounted to $33,988. The total cost including 
the dust collector was $48,752 

In Table V 
installation of 


moved from 


necessary to accommodate 


the total man-hours required for the 
the air heater, as well as the man-hours 
required for moving the F.D. fan and the erection of 
the duct One point of particular import 
is the number of man-hours required for the air heater 
The Air Preheater Corporation estimated it 
would take 195 man-hours to erect, however, it actually 
took 600 hr. 
since the air heater was shipped as a package, that is, 
completely assembled 


are shown. 


above. 
The extra number of hours were necessary 


and extra time was required to 
snake the air heater past and around existing pieces of 
equipment 

This increase in man-hours is generally true when re- 
building a boiler by incorporating an air heater. The 
figures normally quoted are to position the air heater 


rABLE I ANALYSIS OF FUELS TO BE BURNED 


Pulv. Coal 


64 
18,400 Btu/\lb 319 Btu /Ib 


rABLE II rEST RESULTS WITH AND WITHOUT AIR HEATER 


Case One Two rhree Four 


Fuel ! Oil Pulv. coal Pulv. coal 
Steamflow Ib /hr l 116,000 85,000 85.000 
Steam temperature 615 I 610 F H10 F 
Feedwater temperaturs 7] I 340 I 340 F 
Ambient air 95 I 95 I 
728 F 728 F 
600 FT 
35 I 
315 F 


I 
Gas temp lv F 
Air temp. lv a1 F 
Gas temp. Iv I 
Corr. gas temp. lv I 


, 


TE Case 1 and Case 3—no air heater; Case 2 and Case 4 air heater 


ABLE III—CALCULATION RESULTS OF TEST RUNS, TABLE II 


Case One Two rhree Four 


Air wt. 1 A_H. \b/hr 127 , 50¢ 
Air wt. to A. H. lb/hr 

Gas wt. Ent. A. H. Ib/hr 146, 806 114,500 101,000 
Gas wt. lv. A. H. Ib/hr 

Ambient air a3 95 95 
Air temp. lv. A. H I 5 600 
Gas temp. ent. A. H. °F 728 728 
Gas temp. Iv. A. H. uncor ; 335 
Gas temp. lv H. cor 85 x15 
Fuel rate 8350 8630 7620 
Boiler eff 73.56 84.85 73.90 83.7 


40 


114,000 o 200 81.400 


July 19599--C OMBUSTION 





rABLE IV—COST BREAKDOWN 


Arr HEATER 
and DI 


OPERATING (COST OF THE 


Figures based on anticipated API draft loss) of air 
heater 

@ 116,000 lb/hr load with oil firing 
API 1.35” W.G DI 2 65” 

@ 85,000 lb/hr load with P.¢ 
API 0.95°W._G DI 

Since evaluation is based on average load use figure for 85,000 lb/hr load and 
increase loses by 25 per cent 

: API 0.95 & 1.25 1.20°W.G 

DI 165 x 1 2.10°W.G 


air pressure loss) 


and connect the duct work, oil piping and wiring the 
equipment. 
the 
man-hours during 


It would be impossible to account for all 
that might the number 
the preliminary consideration. 


of 
In 
this particular instance, there was a considerable limita- 


obstructions increase 


tion of space because of the close proximity of an ad 
boiler, which resulted in higher than normal 
man-hours to position the air heater. 


jacent 


Operating Tests 


After more than a year’s operation, it was decided to 
test the boiler with the air heaters as compared with 
previous test data. Some time previous to the installa- 
tion of the air heater a test with oil firing was per- 
formed. The data for this test is recorded as Case 1 
in Table I] \lthough the boiler would not operate at a 
116,000 Ib per hr load when firing only oil, this was 
performed to give a basis when a test was performed 
The test figures for 116,000 
Ib per hr when firing oil with the air heater are tabulated 
rable II 
When the operating data at the plant was reviewed, 
that the preceding yearly steam load was 
85,000 Ib per hr and pulverized coal was used exclusively. 
Therefore 


when firing pulverized coal. 
as Case II in 
it showed 


it was decided to base the evaluation on this 
average load condition and fuel. 
A test was then performed at the above conditions 


and the results are tabulated as Case 4 in Table II. 


rABLE \V rOTAL COST OF AIR HEATER 
EREC 


TION) 


Air heater* 

and material 

labor and material 
labor and material 


$22,635 labor 
2.9359 


S424 


1420 man-he 
F_D. fan 812 
Duct work 


urs 
man-hours x 
840 man-hours 

1072 man-hours $35,998 labor 


2 and material 
of D&E $s 


41,249.75 


704.00 


Fixed charges 12 per 


Operating cost 


cent 


$6,053.75 


* Include and miscel 


laneou 


air heater pport steel, electrical conn., insulation 


rABLE VII-—Ss MAR OF NET SAVINGS 


CENT RETURN 


PAYOUT 1 


20 0.30 
>, 890 $32,280 
O54 6,054 


Fuel cost 
Gross 
Oper. costs f 
Net savings $20, Sf $26,226 
Using 35c fuel 
Potal cost of 
Net fuel sav 
Payout time 
Return on money, 93 
Payout for various fuel 
0.25 0.40 

1.64 years 0.92 years 
Return on money 

61.3 77.2 


air heater, $33,998 


ings, $31,596 
1.08 year 
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FOR AIR HEATER INCLUSION 
Power Costs 
Additional power reqd. because of air heater 
0.000157 & (93,500/60) & 13 
F.D.-fan HP > 
0.70 
113,500/60) &K 19.87 


0.000157 x 


I1.D.-fan HP 


Preheater drive 


0.746 KW 
80.00 hr x 


HP 
0.01 


21.25 21.3 KW 
KW hr—-8$1704/yr 


28.47 HP 
21.3 KW x 


KW 


This test included the air heater. 

As was mentioned the anticipated need for firing pul 
verized never materialized. Consequently, test 
data for firing coal without an air heater was unobtain- 


coal 


able. 

To correlate the performance with and without an 
air heater for coal firing the same considerations were 
given as the relationship when firing oil. To realize 
this relationship, it was necessary to make assumptions. 
These assumptions were the steam conditions, feedwater 
temperature and gas temperature would be the same 
without the air heater, as they were with the air heater. 
These assumptions were necessary to calculate the ex 
pected boiler performance. 

The results of the calculations give good correlation 
when compared to the data calculated when firing oil. 
When comparing the oil figures at the 116,000 Ib per 
hr load, we find that there is a 9.49 per cent increase in 
boiler efficiency which results in a 10.78 per cent fuel 
savings. When firing pulverized coal at 85,000 Ib per 
hr steam load, we note a 9.73 per cent increase which 
results in an 11.67 per cent fuel savings. These figures 
are shown in Table ITI. 


Costs and Savings 


In establishing the dollar savings in the evaluation 
the 85,000 Ib per hr steam load was used for the yearly 
operation of 8,000 hr. 


Jun6sTRom® 
PACrAcé 


AiR PREWEA 
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Fig. 5—West elevation 





RECOMMENDED MINIMUM AVERAGE COLD 
END TEMPERATURES FOR OTHER FUELS: 
PULVERIZED ANTHRACITE I50°F 


GF 


r 
VU 


FOR COAL FIRING ON STOKER ADD | 
20°F TO MINIMUM AVERAGE COLD 
END TEMPERATURES FOR PULV- 


ERIZED COAL FIRING. -+ = 


FOR COAL FIRING, SULFUR 
CONTENT IS PER CENT 
AS FIRED 


VANADIUM BEARING FUEL O} 
(Vo0, IN ASH ABOVE 35%) 


HOT GAS M™ 
AIR PREHEATER 
t 





BURNEE 





NON-VANADIUM 
BEARING FUEL OIL 


PULVERIZED MIDWEST 
BITUMINOUS /COAL 








PLAN LOCATION - A/kR PREHEATER 


Fig. 6—Plan location—air heater 


PULVERIZED/ EASTERN 
BITUMINOUS / COAL 


MINIMUM AVERAGE COLD END TEMPERATURE (WITHOUT LEAKAGE) 


Fig. 7—Cold end temperature guide for selection and operation of Ljung- 
strom regenerative type air preheaters . 3 L ;: J , 


SULFUR CONTENT IN FUEL — PER CENT 


In determining the operating costs of the air heater, be expected. In Table VII we have a summary of the 
additional tolerances were included to be as conservative net savings for the various fuel costs, as well as a tabu 
as possible, Table I\ Che total cost of the air heater, lation of payout time and per cent return of investment. 
erection, duct work, are covered in Table V With reference to the fuel costs, it should be pointed 

lable VI shows the evaluation based on the average out that in this particular case, the type of fuel is of 
fuel savings and various fuel costs that can normally — little concerr. when establishing the payout time or per 


VALUATIO NGS, CHARGES OIF R x INSTALLATION 


Based or rel Ce © 32/ton from Fuel 

ed 10 ! Fixed charge 12.5 ) é “sig ind Engineering) pri 
er D & E price 

of tue l Operating co 

at ul ; Fixed charge 

otal oper. cos 


(ore fuel ' 


1010 Ib/he 


rABLE VIII FORMULAE FOR MAKING EFFICIENCY CALCULATION 


Based on 10,000 Btu 


Adc itional moistur team automization 0.04 Ib/10 KB 
i I ib 
total wet gas total HeO in wet ga 


1O/ KB 10O/KB 


163.10 Dry ga 
852.00 


020.84 
22.16 
gas temp. lv air ent 
dry gas 
U8 08 100 
gas temp. lv ur ent 
»> comb 
100 
atent heat 
Water " : : 1000 
Btu 100 
(enw } x 
Rac o d cco d , oi > 
Pounds fue! pes Radiation and unaccounted i P. < i 
stu ) Output wt team X h sh 
Actual dry air il air ©. ait Input output 
Moisture in air 
Ib motsture tn 
Fuel rate 
Ib dry air 


ture ir 


July 19599-C OMBUSTION 





cent return of invested. For any other ap- 
plication, one of the factors that would have a bearing 
on the payout time would be the amount of recovery 
that the air heater could tolerate with respect to protec- 
tion for corrosion. Each fuel has its own limitation. 
These limitations are exaggerated by the sulfur content 
of the fuel. In Fig. 7, a reproduction of Ljungstrom 
Vetal Temperature Control Guide is shown. This guide 
has been developed, after much operating exerience with 
This guide 


money 


various fuels with various sulfur contents. 
was used to determine the permissible exit gas tem- 
perature leaving the air heater, so that the most recovery 
realized, and yet, not require protection. 
the fuel savings or the increase in boiler 


could be 
Therefore 


Tar, Transported by Pipeline, Primary 
Fuel for Power Plant 


How HiVis, or tar pitch, a petroleum product of high 
viscosity, can be transported by pipelines heated by the 
thermal electric principle was described at the recently 
concluded Convention of the American Society of Civil 
Engineers in Cleveland, Ohio, May 4-7, 1959. 

A. G. Purdue, Fluid Systems, Inc., New Haven, Conn., 
told the engineers that the new 100,000-kw Sur Station 
of the Puerto Rico Water Resources Authority, at Guaya 
nilla, P. R 
primary fuel 


is using HiVis in its generating plant as a 
ind it is being supplied by heated pipeline 
from a nearby refinery 

The high-viscosity material, which ts all but unmanage 
able by the usual techniques for handling and storage, 
represents a considerable fraction of each barrel of crude 
oil —20 to 50 per cent, depending upon the source of crude 
and the fractionation process, Mr. Purdue said 

While its physical properties cannot be precisely speci 
fied, a liquefication temperature of about 250 F is typical, 
and the material usually flows readily at about 350 F 
Only at still high temperatures, in the vicinity of 450 F, 
can it be burned 

The significant property of HiVis is that it is a good 
fuel, and on a pound-for-pound basis the heating value is 
not inferior to that of bunker oils in general use. The 
problem is to deliver HiVis to the burner nozzles in usable 
condition 
Puerto Rican generating plant 
a thermal electric pipeline, a 


The problem for the 
was solved by installing 
recent development for heated pipeline transportation of 
highly viscous materials 

The thermal electric principle is to use the reactance of 
the pipe itself to transform electrical energy into heat in a 
manner which can be closely regulated. By maintaining 
a constant temperature along the length of pipe, thermal 
exchanges between the fluid and the pipe wall are mini 
mized, and flow conditions and load upon the pumping 
station are held constant 

From an engineering point of view, he added, further 
advantages of the principle become apparent, one of 
which is that standard schedule piping can be heated 
with readily available values of currents and voltages 

“It is a safe prediction,’ Mr. Purdue stated, ‘‘that the 
demand for thermally generated electric power will con 
tinue its present rise into the next decade and beyond 

“The most optimistic forecasts for the future of syn 
thetic energy sources only give further reason to believe 
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efficiency can be affected by the type of fuel fired, as 
well as the amount of sulfur the fuel contains. How- 
ever, if the temperature of the gas leaving the air heater 
is high enough to prevent the approach to the dew- 
point, then the fuel costs based on that exit temperature 
will be the only consideration necessary. 


Acknowledgment 


The writer wishes to gratefully acknowledge the co 
operation extended by the personnel of The Southern 
Kraft Division of International Paper Company, Mobile, 
Ala. and particularly the power plant personnel of the 
Panama City Mill. 


that natural petroleum fuels will carry the base loads of 
the world’s energy requirements for years to come 

“This predictable increase, coupled with changing 
world conditions which may result in a redistribution of 
petroleum reserves, makes it imperative that ways be 
found for getting the maximum energy usage out of each 
barrel of crude produced.’ 


CEI To Spend 200 Million on Construction in 5 Years 

To accommodate the growing power needs of consumers 
of the 138 communities in northeast Ohio which it serves, 
the Cleveland Electric Nlumination Company has a con 
struction budget of $200,000,000 for the next five years, 
the American Society of Civil Engineers was told at its 
May Convention in Cleveland 

Construction expenditures for 1958 amounted to $56, 
000,000, Russell G. Stewart, senior engineer of the com 
pany’s civil engineering department, told the meeting of 
ASCE engineers 

For 1959, the company has a construction budget of 
$38,000,000, Mr. Stewart revealed 

The company’s power system, which serves a 1700 
mile area extending for 100 miles along the southern 
shore of Lake Erie, with Cleveland as its hub, includes 
four interconnected power stations with a net generating 
capability of 1,909,000 kw 

This capability will be increased to 2,151,000 kw with 
the installation of a new generator now under construc 
tion at the Avon station 

Mr. Stewart appeared before a Power Division session 
to outline the layout procedure used in designing a large 
single unit addition to an existing steam generating sta 
tion which he said resulted in (a) a building of only 15 cu 
ft per kw hr of generating capacity, (b) a saving in design 
time, and (c) a minimum of field and fabricating changes 

He said the layout procedure was first formalized and 
used on Eastlake No. 4 addition to an existing plant site 
which had been developed previously. However, he 
used examples and slides taken from CEI’s experience on 
a recently completed addition to its power station at Ash 
tabula. That project, he said, cost $32,000,000 

Mr. Stewart noted that one of the problems typical of 
all power house projects where structural steel is used 1s 
the lag between the time the decision is made to build the 
project, and that day on which actual erection of struc 
tural steel is started 

He said that the development of a formalized layout 
procedure outline, which he discussed at the Convention 
meeting, solved this problem to a great degree 
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PACKAGE 
AIR PREHEATER 


gives twofold economy 
at Braintree’s new 
power station 








PACKAGE DESIGN FACILITATES 
INSTALLATION; FUEL SAVINGS TO 
WRITE OFF COST IN 2 YEARS. 











Braintree, Mass., has achieved an 





economic double-header with the 
Air Preheater in their new power 
station: 

1. Initial saving: The Package Air 
Preheater, shown above, was de- 
livered as a completely preas- 
sembled unit. All it needs is gas 
ducts and a power line and it’s 
ready to work— installed at a frac- 
tion of the time and cost required 
for conventional units. 


2. Long-term savings: Records 


prove that Braintree’s Package 


Air Preheater can pay for itself— 
just on fuel savings alone—within 
two years. 

Package design gives you these 
advantages on boilers as small as 
25,000 pounds of steam per hour 
—or as large as 250,000 lbs per 
hr. And a Package Air Preheater 


is one of the surest ways to reduce 





fuel consumption: you cut your 
fuel bill 16% with every 45-50 F 
increase in preheated air tem- 
perature. 
Get all the facts. Write today 
for your copy of the free 14-page 
Complete and ready to run, Package Air Preheater is lowered through steelwork of new booklet describing the multiple 
power station at Braintree, Mass. Installation at Braintree Electric Light Dept. uses ° = ) 
largest available package preheate r, with a diameter of approximately 12’. Fitted to a Savings you get with a Package 
130,000 lb per hr boiler, this Package Air Preheater will boost combustion air tempera- Air Preheater. 


ture by about 420°F with heat recovered from stack gas. 


60 East 42nd Street, New York 17,N.Y. 





Abstracts From the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion 
Ltd., London, W.C. 1) 


Fuels: Sources, Properties and Prep- 


aration 


Further Studies on Weathering of 
Coal. J. Bandopadhyay, D. C. Mitra, 
J. M. Sanyal, N. Das Gupta and A 
Lahiri. Coke & Gas 1959, 21 (Mar.) 
99-104 

rhe effect of 
tion) of various Indian coals on coke 


weathering (oxida 
strength was studied It was found 
that an increase of capacity moisture 
better 
guide to deterioration of coke strength 


with oxidation served as a 


than other tests 


Some Measurements of Dynamic 
Mechanical Properties of Coal. F. J 
Hiorns Vechanical Properties of 
Non- Metallic Brittle Vaterials 
Butterworth Scientific Publication, pp 
259-68 

Methods of measuring Young's 
modulus and internal friction in coal 
are described rhe effect of moisture 
and temperature on these properties 
has been studied Che practical ap 


plication of these studies to grinding 


processes with simultaneous drying 


bv heating is described 


The Heat of Wetting of Coals. M.S 
Ivengar and A Lahiri Brennst 
Chemie 1959, 40 Feb 15-50 (In 
German 

Based on detailed studies of Indian 
coals it is claimed that the heat of 
wetting 1n methanol is a measure of 
the reactive oxygen groups present in 
the coal rather than of its surface 
Chis parameter is useful for predicting 
ignitibility, behavior during carboni 
zation, grindability and other char 
acteristics 


Heat: Cycles and Transmission 


Eckert, J] 
Irvine. Ind 


Heat Transfer. E. R.G 
P. Hartnett and T. F 
1959, 51 Pt. IIT ( Mar.) 


Engng. Chem 
543-65 

his review of literature of 1958 is 
divided into the 
1. Conduction 
Boundary 


following chapters 
Channel flow; 3 
Flow wrth 
ransfer mech 
convection; 7 


laver flow j 
separated regions ) 
Natural 
from 


anism, a) 


Convection rotating surfaces; 
8. Transpiration and mass transfer 
Change of phase 10 


Liquid metals 12 


cooling iy) 
Radiation 
Heat transfer applications 


Smith and 
Chem 


Thermodynamics. |. M 
G. M. Brown. IJnd 


i:ngng 
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1959, 51 Pt. IT (Mar.) 472-80 
The review of literature published 
during 1958 


Temperature Distribution and Heat 
Transfer from Radiant Flames to 
Finned Tubes. K. Becker. Energie 
1959, 11 (Feb.) 59-71 (In German) 

A detailed mathematical analysis is 
presented which shows that finned 
tubes are specially suitable for radiant 
superior to 
The analysis is carried 


heat transfer and are 
plain tubes 
out for fins of constant and of wedge 


shaped cross sections 


Steam Generation and Power Produc- 
tion 


Flow of Fluids. M. Weintraub. Jnd 
Engng. Chem 1959, 51 Pt. II ( Mar.) 
362-9 

The review of literature published 
during 1958 
A. K. Oppenheim, 
\. Sleicher and R 
Chem. 1959, 


Fluid Dynamics. 
C. V. Sterling, C 
4. Stern. ZJnd. Engng 
51 Pt. II (Mar.) 437-52 

he review of literature published 
during 1958 


The Work of the Boiler Availability 
Committee. F. W. Lawton, H. E 
Crossley, D. C. Gunn, W. F. Harlow, 
J. R. Jenkinson and W. G. Marskell 
J. Inst. Fuel 1959, 32 (Mar.) 120-43 

rhe first paper is a general intro 
duction, the second deals with early, 
recent and future work of the com 
mittee (oil firing), the third with the 
occurrence and the amount of corro 
sive substances in flue gases and the 
use of additives, the fourth and fifth 
with the causes of corrosion, and the 
sixth with corrosion and deposit for 
mation in stoker, pulverized fuel and 
oil fired boilers 


Two Stage Evaporation. L. Stani 
savlievici Mitt. V.G.B. No. 58 1959, 
Feb.) 15-21 (In German) 

An analysis of the salt concentra 
tions in the water and steam of boilers 
with two stage evaporation has shown 
that the advantages of purer steam 
claimed for these plants is not con 
firmed by theoretical considerations 
and causes, in addition, difficulties in 
operation 


The Time Required for Starting Up 
Drum-Type Boilers at High Pressure. 
V. G. Chakrigin Teploenergetika 
1959, 6 (Mar.) 35-9 (In Russian) 


An analysis has been carried out to 
establish the temperature field in the 
main boiler drum from the time of 
starting the fire. Recommendations 
are given for determining the rate of 
starting up of high pressure boilers 


Temperature Conditions of the Metal 
Used for Evaporating Tubes in Forced 
Flow Boilers. Z. L Miropolsky 
Teploenergetika 1959, 6 (Mar.) 40-4 
(In Russian) 

The temperature conditions par 
ticular to the metal used for evaporat 
ing tubes are considered. Methods 
of determining wall temperatures ex 
perimentally are reviewed 


Fuel Firing 


Some Characteristics of Pulverized 
Tilting, Slotted Burners. A. L. Bich 
kovsky Teploenergetika 1959, 6 
(Mar.) 45-9 (In Russian) 

Experimental studies are presented 
on 2 types of burners carried out to 
assess their resistance and heat loss as 
a function of their design and of oper 
aiing conditions 


Calculation of Slagging Furnaces. 
A. Zinzen BWK 1959, 11 (Mar.) 
117-9 (In German) 

A diagram has been developed for 
showing the relationship between 
| Heat exchange between flame and 
Heat transfer through the 
wall 3 Difference between the 


oretical combustion temperature and 


wall; 


actual flame temperature. It also 
permits the calculation of the size of a 
slagging furnace for given conditions 
and its performance under different 


conditions 


Water-Side Corrosion and Water 


Treatment 


Water Treatment Part II. Rk. H 
Marks. Power 1959, 103 (Mar.) 65 
SS 

rhe second part of this review deals 
with: | Treatment choice; 2. Ob 
jiectives of feedwater treatment 3 
Boiler blowdown; 4 Internal treat 
Soiler pressure and treat 
treat 


ment; 5 


ment choice; 6 Feedwater 
ment for high 


through boilers; 7 


pressure and once 
Cooling water 
treatment; 8S Process water treat 


ment; 9 Automatic controls 


Recent Research on Boiler Tube 
Corrosion. FE. C. Potter. Chem. and 
Ind. 1959, (Mar. 7) 308-14 

The advantages of statistical ap 
proach to the problem of water-side 
corrosion of boiler tubes are described, 
which have shown that one-third of 
all power stations and one-quarter of 
all boilers operating above 350 psi 
suffered corrosion by the end of 1955 
on average, power stations contain 6 
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boilers of which 4 are affected la 
bles give data on time variation of cor 
rosion, newly corroded boilers year by 
year ind the relation between dis 
olved oxygen and corrosion rhe 
mechanistic approach to corrosion 1s 
explained and the several theories of 
the mechanism of corrosion are di 

cussed rhe experimental approach 
to the problems describes some of the 
tudies undertaken on the I.C. experi 
mental boiler and some of the result 


obtained so far 


Operational Supervision of Feedwater 
and Cooling Water. W. Toller. & 1 
LGB No. 58 1959, (Feb.) 21-5 (In 
(,ermal 
I he \ ion needed t guaran 
tee feedy t of the required purit 
depends or Raw water proper 
l and size of treatment 
of bole plant } Load 
) Presence of recording 
Personnel question 


inalysis of raw, feed 


water by the plan 


Investigations of the Solubility of 

Salts in Water Vapor with Supercriti- 

cal Parameters. \ \. Styrikovh 
K. Khokloy eploenergel 

Feb =, _ Bp , I) s 

Pranslatior 

\ method of ig tl lubalit 

of calcium sulf chloride and eat 

bor 00 m. by means ot 

radioactive top is deseribed; the 

method wa .o used to study the 

lubalit of odium chloride ind 

ulfate Che results are presented in 

The app n of tl find 

Ith to the desis nd op tion l 

upercritical pressure boilers and the 

feedwater treatment required for these 


botler ire discu ed 


The Fouling of Strongly Basic Anion 
Exchangers by Humic Acid. A. | 
Wilson Witt. V.G.B. No. 58 1959 
Feb 6-9 (In German 
Strong basi inion exchanget 


installed in mixed bed feedwater 


treatment plants ma ibsorb hum 
acids which reduce their ipacit 

They must then be treated with a 
solution of 2 ole NaCl 1 and 1.5 


mole NaOH /! 


Gas-Side Corrosion and Deposits 


The Chemical Behavior of Sodium 
and Potassium Pyrosulfates. kK 
Wickert BWKA 1959, 11 Mar 
110-3 (In German) 
rhe temperature range of forma 
tion and decomposition of alkaline 
pvrosulfates and the melting point of 
pure pvrosulfates and their mixture 
have been determined The tem 
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perature-depending occurrence of 
partial melts in some of these mix 
tures has been studied. Solidifica 
tion phenomena of pyrosulfates mix 
tures and corrosion caused by these 
substances have been measured. The 
contribution of pyrosulfates to boiler 
and gas turbine fouling and corrosion 


is discussed 


Fiue Gas, Ash and Dust 


Catalytic Oxidation of Sulfur Dioxide 
at Low Concentrations. LD). H. Nap 
ier and M. H. Stone l. Appl. Chem 
1958, 8 (Dec.) 781-6 
\ catalvtx process lor oxidizing 
to SO; employing four different 
V.0O3. catal is described rhis 
conversion would be the first step in 
removing ulfur oxides from flue 
iSes rhe second step would be the 
removal of SO; as ammonium sulfate 
or sulfuric acid 


The Measurements of Smoke Emis- 
sion. R Jackson Steam iene 
1959, 28 (Mar 87-92 

his review is divided into 
Measurement of dark smoke 
Phe Ringelmann chart ; Method 
of use of chart; 4 Other methods ot 
issessing darkness of smoke plumes 


) 


) Accuracy of measurement of dark 
ness of smoke emission; 6. Obscura 


tion type smoke meters 


Particle Size and Separation Effi- 
ciency. 8. Mansson. Tekn. Tidskr 
1959, 89 (Jan. 30) 87—92 (In Swedish 

In a review of factors which affect 
calculations of the overall efficiency of 
dynamic separators, the author dis 
cusses dust-separator characteristi 
eparation curves, influence of 
temperature, dust concentratio1 
presence ol secondary separator 
separation efficiency and effect 
evclone ize and entr velocit 
efficiency 

From C.4.G.B 


Feb ss 1a4Y 


Heat Recovery Plant 


The Use of Hydrodynamic Models 
for the Improvement of Heat Ex- 
changers. P. Dumez Flamme_ et 
Thermique 1959, 10 (Jan.) 11-24 (In 
French) 

rhe first part deals with the laws of 
hydraulic analogues and_ similarity 
and their application to the study o 
heat exchangers Che second part 
describes the study of flow conditions 
in a tubular air preheater in a model 
ind the improvement achieved by this 
means (an increase of efficiency from 
7 | S7 per cent) in an actual case 


The Influence of Spray Desuperheat- 
ing for the Control of Steam Tempera- 
ture on the Specific Heat Rate of the 


Turbine Plant. S. Kriese Mitt 
V.G.B. No. 58 1959, (Feb.) 12-4 (In 
German) 

The use of spray desuperheaters for 
the control of the superheated and re 
heated steam temperatures causes an 
increase in specific heat rate of the 
turbine, but this increase remains be 
low | per cent even in extreme cases 


The Mean Temperature Difference in 
Hairpin Heat Exchangers. H. Hau 
senblas BWA 1959, 11 (Mar.) 114 
6 (In German) 
Equations are 
culating the mean effective tempera 


developed for cal 


ture difference in hairpin heat ex 
changers It is shown that this dif 
ference is always lower than in coun 
terflow heat exchangers and that for 
the same entry and exit temperatures 
and the same heat transfer coefficient 
the hairpin exchanger requires more 
heat transfer surface than the counter 
flow exchanger 


Power Generation and Power Plant 


Combined Gas-Steam Turbine Cycle 
Offers Plant Savings. 1. J. Karassik 
Elect. World 1959, 151 Mar. 9) 60-1 

One of the drawbacks of double re 
heating is the large diameter of pipe 
lines required for the second reheat 
circuit To meet this objection, it 1s 
proposed to install the second reheater 
next to the turbine, supplying it with 
compressed air from a gas turbine 
driven compressor and fuel and using 
the exhaust from the reheater to drive 
the gas turbine The compressed ait 
may with advantage be preheated by 
exchange with gas turbine exhaust 
gases It is calculated that this cycle 
would result in a heat rate for a 2600 
psi, 1050/1050 F at least equal to that 
of 3500 psi, 1050 F plant with single 


reheat 


Thermal Scheme of Forced Flow 
Boiler-Turbine Unit Installations. B 
I. Shmouklet Teploenergetika 1959 
6 (Mar.) 8-15 (In Russian 

Iwo alternatives of unit installa 
tions providing for starting at variable 


steam parameters are discussed 


Some Problems in Thermal Schemes 
for Supercritical Steam Parameter 
Unit Installations. A. FE. Geltman 
Teploenergetika 1959, 6 (Mar 3-8 
In Russian) 

Ihe problems considered are the 
choice of feedwater temperature, tur 
bine drive of the feed pumps and its 
connection and the vacuum in the 
condenser 


The Free Piston Engine and the 
Mixed Steam Cycie. C. G. Henson 
Steam Engr. 1959, 28 (Mar.) 183-6 

It is shown that by a combination 
of free piston engine and steam cycle 
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the efficiency can be increased from 
28 per cent of the steam cycle alone to 
33 to 34 per cent of the combination. 


The Use of Solar Energy in the U.K. 
H. Heywood. J. Inst. Fuel 1959, 32 
(Mar.) 110-2 

The possibilities of using solar en 
ergy under the climatic conditions pre 
vailing in Great Britain are discussed 
It is believed that half the hot water 
load over the whole year could be 
taken by solar heaters and in summer 
often the whole load 


Fuel Cells. Gorin and H. L 
Recht. Blast Furn. and Steel Plt. 
1959, 47 (Feb.) 206—9 

The development of fuel cells in 
recent years is reviewed, particularly 
those operating at high temperatures 
(above 500 C) and the cell designed by 
the authors is described. The eco 
nomics of these cells are discussed 
which are largely a function of their 
efficiency; this may reach up to 70 to 
75 per cent. It is contended that fuel 
cells may be competitive with nuclear 
power over a longer period than con 
ventional steam power plants 


Waste Heat 


Power 1959, 


Gas Turbines and 
Boilers. F. W. Foley 
103 (Mar.) 59-61 

At the El Centro power station in 
Colombia several old turbines and 
boilers were replaced by two natural 
gas fired single-cycle 5 Mw gas tur 
bines each discharging 396 klb/h of 
exhaust at 840 F to an associated 
waste heat boiler generating 35,000 
Ib/h of steam at 250 psi and 480 F 
this output is raised to 80,000 Ib/h 
by supplementary gas or oil firing 
A third waste heat boiler is separately 
fired Phe 
existing 5 Mw condensing turbogen 


steam is supplied to an 
erator, turbine driven auxiliaries and 
process. The calculated heat rate is 
25 per cent lower than for an equiva 
lent extraction steam turbine installa 
tion and 6 per cent cheaper in capital 


costs 


Stations. 
Heating 
Vachr 


Transportable Heating 
Pacemakers for District 
Stations. Anon VDI 
1959, 13 (Feb. 28 H 

Hamburg power stations possess 3 
transportable power stations to supply 
new factories and housing estates with 
power, heating and hot water until 
connection to the large heat-power 
stations is economically justified. The 
water-tube boiler is oil fired and has 
an output of 26 klb/h of steam at 325 
psi and 665 F with a thermal effi 
ciency of 84 per cent rhe steam can 
be used either directly to drive a tur 
bogenerator or it is reduced in pres 
sure to 60 psi and desuperheated to 
355 F for 
Hamburg district heating system is 


heating purposes. The 
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the largest in Europe with an annual 
consumption of 6 X 10! Btu; it has 
made possible an overall efficiency of 
power and heat generation of 86 per 
cent 


Materials and Manufacturing Processes 


Power Piping Design. F. M. Ka- 
marck. Heat. Pip. Air Cond. 1958, 
30 (Nov.) 95-104 

The article discusses some of the 
engineering problems that arose and 
the development that went into the 
design of the piping system for the 
new 750 Mw Memphis plant (three 
250 Mw turbo-generating units). The 
many factors involved and their in 
terrelationship in the sizing and design 
of the main steam piping are evalu 
ated; steam conditions selected were 
2625 psig and 1053 F. The two-pipe 
system layout with a cross-over uses 
hollow forged chrome-moly pipe for 
straight runs, with turned and bored 
piping for bends. Specification data 
of the steam piping materials and lay 
out diagrams are given 

From C.E.G.B. Digest 
(Feb. 28) 487 


1959, 11 


Instruments and Controls 


Process Control and Automation. 
r. J. Williams. Jnd. Engng. Chem 


DEOXY-SOL 


SOLUTION OF HYDRAZINE 








e Oxygen- 








e Scavenger 
e for 
e Boiler Water 


e Treatment 


EAinmouUN 


CHEMICAL CO... INC. 
136 Liberty St., New York 6, N. Y. 


Midwestern Representative: 
J. H. DeLamar & Son, Inc. 
4529 No. Kedzie Avenue 
Chicago 25, Ill. 


Ask for pamphlet BW 














1959, 51 Pt. I] (Mar.) 432-6 
The review of literature published 
during 1958. 


Automatic Control of Steam Genera- 
tors. mm Quack. Mitt V.G.B. No 
58 1959, (Feb.) 1-11 (In German) 

The first part discusses theory and 
practice of automatic control installa 
tion for steam generators, distinguish 
ing between “‘inner’’ control (tempera 
ture, pressure, water level, firing rate, 
feedwater flow, mill output) and 
“outer” control (output) in integrated 
networks. The second part discusses 
the desirable and 
acteristics of control circuits and the 
relationship between elaborateness of 
the control installations and the eco 
nomics of the whole plant 


possible char 


Atmospheric Pollution by Solid Parti- 
cles. Measuring Significant Particle 
Surface Area by Charge Transfer. 
D. H. Grindell. Engineering 1959 
187 (Mar. 13) 350-1 

For the study of industrial fog the 
number, total surface area and chemi 
cal composition of airborne particles 
are required. An instrument operat 
ing on the principles of electrostatic 
precipitation has been developed in 
which the particles are first charged by 
a high-voltage corona and then col 
lected on an electrode where the charge 
is deposited. The particles carry a 
charge roughly proportional to thei 
surface area so that the charge current 
will give an indication of the total 
surface area of the particles 


Nuclear Energy 


Development of a National Atomic 
Energy Program. Sir John Cockroft 
Atom 1959, (Mar.) 9-12 

In this lecture to the University of 
Ankara the development of the British 
Atomic Energy program was reviewed 
with the suggestion that it may serve 
as a model for similar developments in 
other countries. In Great’ Britain 
this started with the production of 
radioisotopes in Gleep, Bepo and, 
lately, Dido and investigations into 
their further use, followed by the 
building of further research reactors 
for numerous special purposes and 
the planning and inauguration of a 
nuclear power program 


Nuclear Energy in the Netherlands. 
Anon. Atomic World 1959, 10 (Feb.) 
68-72 

The organization of nuclear energy 
research and development is set out 
and the progress made so far de 
scribed. There are two reactors un 
der construction, one a swimming pool 
type (100 kW) for the University of 
Delft and the other a high flux reactor 
(20 Mw) for Petten, where the main 
atomic research center will be located 


59 





Effect of Radiation on Corrosion of 
Structural Material by Molten Fluo- 
rides. G. W. Keilholtz, J. G. Morgan 
ind } \ 


the result of radiation , 
curred changes in the fuel mix 
ture ittributable to radiation other 


than normal burnup of uranium 


Cooperative Research on Gas-Coolec 
Nuclear Reactor. \nor Klect 
Time 959, 135 (Feb. 19) 29 
The countrie represented in ().] 
mcluded 
in agreement Euratom 
ind the U.K. will ich =contribute 
£4.34 million t 
ture reactor projes be carried out 
it Winifrith He The project ha 
Dragon ind 
with fuel sur 
it ‘ eT (mn | 


E.C. and Great Britain have ¢« 


which 


high-tempera 


been given the 
isaged 1 
hace temperature 
SOO | ind helium at Yat as cool 
is with an outlet temperature ot 
Ad © 1400 F the heat output will 
bn () Mw rhe fuel elements will 
graphite 
Ch 232 


h 


onsist ol i mixture | 
moderator) and U 235 and 


contained in a graphite shea 


Review. Fast Flux. Anon 
1959 187 Mar 13 


Atomic 
icngineering 
34-6 

The review tabulates the fast reac 
Btn. % 


Britain and their 


tors in I S.S.R., and Great 
main design data 
Coupled 


». Fast liquid 


ind also deals with 
fast-thermal sysiem 

fuel system 3 Fast reactor fuel 
charging } Fast reactor cross sec 
tion ) Dounreay fast reactor tests 
I » last reactors i Fast 


reactor hazards; 8 References 


High Temperature Gas-Cooled Reac- 
tor Project. Anon. Engineer 1959 
207 (Mar. 13) 415-7 

lhe 10 Mw 
reactor of the high temperature gas 


thermal research 
cooled type to be built and operated in 
Euratom and Great 
Details are 


collaboration by 
Britain is described 
given of fuel element design, core 
primary and secondary cooling cu 


cuit controls, charge, discharge ma 


chine and the research program 


Operating Characteristics of a Graph- 
ite-Moderated Subcritical Assem- 
bly. R. ] | hrig Nucl. Se hey g? 
19059. 5 (Feb 120-6 

The determination of the bast 


operating characteristics of the as 


EXTRA YEARS 


of more 


dependable power 


and at less cost 
per pound of steam 


TODD BURNERS 


OIL, GAS, OIL-GAS 
TODD 


SHIPYARDS CORPORATION 
PRODUCTS DIVISION 


SALES AND SERVICE DEPARTMENTS 
Columbia & Halleck Streets, Brooklyn 31, N. Y. 


PLANT, SALES AND SERVICE 
Houston, Texas 


a 


sembly used at lowa State College is 
described and discussed 


Liquid-Metal Fueled Power Reactors. 
Hosegood and P. M. C. Lacey 
Engineering 1959, 187 (Mar. 6) 313-8 

Chis review sets out the advantages 


S. B 


of the liquid-metal fueled reactor and 


] 


discusses in detail l rypes of 


) 


reactors Liquid-metal fuels and 


ferale media 3 Processing | 


[Thermal breeder power reactors; 5 
Fast breeder reactors 0) Future 


prospects 


Boiling Effects in Liquid Cooled 
Reactors. H. A. Roberis and R. W 
Bowring Vucel Pw 1959, 4 
Mar.) 96-101, 11S 

Chis second part deals with boiling 
heat transfer, effecis of various types 
of boiling, correlations for calculating 
fuel element temperaiures and rea 


tor safety limits set by burnout 


Plutonium Recycle in the Calder Hall 

Type Reactor. L. J. Barbieri, J. W 

Webster and Ken Tang Chow 

Ser i:neng 1959, § (Feb 05-19 
rhree possible schemes of recycling 


plutonium produced in the reactor 


have been studied The scheme in 
which the Pu ts blended with fresh 
natural uranium for subse que nt use ts 
the most economic when based on a 
burnup of SSOO MWd. 


Process Heat from Nuclear Reactors. 

H. Perry and J. P. McGee 

ineng 1959, 66 (Feb. 23) 143-8 
The application of heat from a nu 


Chem 


clear reactor for the production of 


ammonia and acetylene, gasification 


of coal, low-temperature carboniza 
tion of coal, blast furnaces and melting 
of non-ferrous alloys is discussed 
Feasibility studies carried out by the 
U.S.A.E.C. and U.S.B.M. are de 


scribe d 


Grinding, Screening and Filtering 


Size Reduction. L. T. Work. Jnd 
Engng 1959, 51 Pt. Il (Mar 


B3O5 7 


Chem 


rhe review of literature published 
during 1958 


Grinding at Supercritical Speeds in 
‘*Ball’’ Mills. H.E. Rose and N. D 
Prbojevic Vature 1959 183 Mar 
21) 813-4 

Grinding conditions in a laboratory 
“Ball” mill running at supercritical 
speed have been studied It could be 
shown that a small part of the grind 
ing effect under these conditions is ob 
tained by a sliding action between the 
mill shell and the charge, the greater 
part by lifting of the charge to 45 
above the horizontal and the collapse 
of the leading edge of the charge in a 
coherent mass on to the lower portion 
of the charge. This blow produces a 
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grinding effect on the charge without 
affecting the mill wall and thus con 
siderably reduces wear of the mill 
liners 


Grinding and Drying Problems of Low- 
grade Fuels in Belgian p.f.f. Power 
Stations. J. Danze and L. Delvaux 
Institut Francais des Combustibles et 
del’ Energie. Solid Fuel and Pulverised 
Fuel Conf. 1957; Paper, No. 4.02 
C.E. Trans. 1304 

A description is given of the meth 
ods currently used in Belgium for 
grinding and drying low-grade fuels 
for steam-generators of various ca 
pacities Some special problems con 
nected with the nature of the fuel, 
methods of predrying, grinding mills 
and the effect of low-grade fuels on 
the cost of the grinding operation are 
discussed 

From 1B Digest 1959, I1 


Feb. 28 


Mixing. |.H.Rushton. Jnd. Engng 
Chem. 1959, 51 Pt. II (Mar.) 392-4 

rhe review of literature published 
during 1958 


Filtration. H. P. Grace. Jnd. Engng 
Chem. 1959, 51 Pt. I1( Mar.) 354-61 
The review of literature published 


during 1958 


Analysis and Testing, Research 


The Determination of Organic Sub- 
stances in Power Station Water. 
A. Gubin and W. Hoffmann Mitt 
V.G.B. No. 58 1959 (Feb.) 34-7 (In 
German 

rhe method for determining the 
organically bound carbon in water 1s 
described 


The Study of Coal Surfaces. J. Platt 
Coll. Guard. 1959, 198 (Mar. 19) 
369-7 | 

\ new technique for studying coal 
surfaces under the electron microscope 
using carbon replicas is described and 
the results obtained are illustrated by 
microphotographs, These show that 
the clarity of the micro-structure ob 
tained by the new technique is much 
better than that obtained by previous 
methods 


Photometric Determination of Dis- 
solved Oxygen on the Basis of the 
Winkler Method. G. Resch Vitt 
V.G.B No 58 1959 Feb.) 31—4 
In German) 

The method of determining photo 
metrically the iodine concentration 
equivalent to the oxygen content in 
the water and the calibration of the 
apparatus are described. The method 
is sensitive down to O» concentration 
of 0.01 ppm 


The Collection and Turbidimetric 
Estimation of Sulfur Trioxide in Flue 


COMBUSTION—dJuly 1959 


F4d 
RETURN LINE CORROSION 
Cau BE LICKED! 


Drastic reduction of return line corrosion in an easy, effective and economical 
way has been the unanimous experience of hundreds of plants throughout the 
country using Bird-Archer’s Amine Treatment. 

A plant in New York State, generating approximately 500,000 lb. of steam a 
day, had a normal condensate pH value of 6.3 that resulted in almost constant 
piping replacements. Only 6 lb. per day of Bird-Archer’s Amine Treatment cut 
maintenance costs to a new low by raising the pH value to the safe range of 
8.0 to 8.5. 

A plant in New England, generating 600,000 Ib. of steam a day, did not have 
an open feedwater heater which would mechanically eliminate the exceedingly 
high CO» content of their makeup water, consequently, the pH value of their 
condensate was sometimes as low as 5.9. Less than 12 lb. of Amine Treatment 
a day raises the pH value of the condensate to 8.5, eliminates excessive 
corrosion. 

After two years of experience with Amine Treatment a power plant in 
Massachusetts, making 250,000 Ib. of steam a day, enthusiastically reports that 
they eliminate over 75°, of their piping replacements through the use of only 
2 or 3 lb. a day of Amine Treatment. 

Return line corrosion has been licked at these plants. Let a Bird-Archer 
Service Engineer help you solve your corrosion problems. 

Write for Bulletin CP100 and the name of the Bird-Archer Service Engineer 


nearest you. 
BIRD-ARCHER 
WATER TREATING CONSULTANTS 
The BIRD-ARCHER Company, 4337 N. American St., Phila. 40, Pa. 


New York * Chicago 
The BIRD-ARCHER Co. of California, 415 Brannan St., San Francisco 
Offices in Canada and Mexico 
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For Top Quality Welding 
On Chrome-Alloy Steels 


Use CHAMPION 
CROLOY® 
ELECTRODES 


IT’S CROLOY 
Only if it 
Bears the Imprint— 
Your Assurance Of 
MAXIMUM 
QUALITY 


For top drawer welding of Chrome Moly Steels, Cham- 
pion Croloy Electrodes have excellent handling char- 
acteristics in all positions, and produce radiographically 
clean welds of unsurpassed mechanical properties. Cham- 
pion Croloy Electrodes are available in all of the popu- 
lar grades from 1'i% Chrome, 2% Moly to 9% Chrome 
1% Moly in *” through %@’’ diameter. Only Croloy 
Electrodes are identified with the Croloy imprint on each 


Electrode and are manufactured under U.S. patent license. 


Champion also offers a full line of Stainless Steel Electrodes in 
all analyses with either lime or AC-DC coatings. Champion is 
the leading manufacturer of the increasingly popular 16-8-2 com- 
position, which gives unparalled freedom from cracking in type 
347 and 316 weldments 


For further information on any of these electrodes, write today. 


THE CHAMPION RIVET CO. 


Cleveland 5, Ohio East Chicago, Ind. 


Gases. D. H. Napier and M. H 
Stone J. Appl. Chem. 1958, 8 
(Dec.) 787-93. 

The improved absorption apparatus 
for SO; and the improved method for 
its determination are described 


Power Generation and Power Plant 


Economic Trends in the Generation 
of Electric Energy in the Detroit 
Edison System. G. A. Porter and 
D. E. Hart. Combustion 1959, 30 
(Mar.) 30-7 

The first part deals with cost re 
ductions achieved in recent years 
by the adoption of large units, higher 
pressures and temperatures, reheat 
and other engineering improvements 
On the basis of this experience the 
possibilities of achieving similar in 
creases in efficiency in future are dis 
cussed in the second part rhe super 
critical pressure cycle does not appear 
to justify the very much higher in 
vestment costs, but the use of a 
liquid heat transfer medium for a 
double reheat cycle or of an air-steam 
binary cycle would considerably lower 
the station heat rate rhe problems 
involved in either of these cycles are 
briefly outlined. It is not anticipated 
that future increases in steam cycle 
efficiencies will be as great as those 
during the past 25 years 


Power Generation and Integrated 
Operation in West Germany 1949/ 
1958. K. Kléss). BWK 1959, 11 
Apr.) 160-2 (In German) 

Installed capacity in public and in 
dustrial (mainly colliery) power sta 
tions increased from 10,038 Mw at 
the end of 1948 to 22,700 Mw at the 
end of 1958. Installed capacity in 
public power stations at the end of 
1958 was 14,200 Mw, in industrial 
and railway stations 8500 Mw Phe 
average consumption increased by 
12 per cent but tended to fall off 
at times of peak consumption the 
reserve was hardly more than 10 per 
cent Increasing use has been made 
f power exchange with other Euro 
pean countries 


Combined Heat and Power Genera- 
tion. F. J. Molter. BWK 1959, 11 
Apr.) 162—4 (In German) 

District heating systems have in 
creased fourfold during the past 10 
vears and over 50 towns in West 
Germany have installed combined heat 
and power stations. Of 68 stations, 
three distribute heat obtained from 
industrial power stations and operate 
without electricity generation rhree 
gas turbine plants are under con 
struction for combined heat and powe1 
generation; one of them is a com 
bination of air turbine (12.5 Mw) 
and steam turbine (13.75 Mw) 
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Heat and Power Generation in Public 


Heat-Power Stations. Pt.IV. Plan- - _ 
ning and Operation of Heat-Power | l a eT eve eClir| 
Plants. T. Geissler. Energie 1959, 


11 (Mar.) 93-103 (In German) 
rhe calculation of heat consump 


* * 
tion of district heating systems and 
of the most economic turbine size is 


presented. The various possibilities 





of using back-pressure and condens 
ing turbines in different arrangements 
according to given requirements are 


discussed ..- Reliance Equipment 
Electrical Performance of the Philo insures safe, sure 


Supercritical Unit. A. 5S. Grimes and Je 
J. A. Tillinghast. A.S.M.E. Preprint supervision for low 
No. 5S-A-297 1958 (Dec.) 9 pp “ 

Some further details are given of the or high pressure 
factors contributing to the actual heat 
rate being higher than the design heat 


rate [hese concern the excessive 
leakages at the feed pumps, the rate of 
flue gas recirculation, deposits of cop 
per oxide on the blades ef the high 
pressure turbine and investigations 
are in progress to eliminate these diffi 
culties rhe actual heat rate from 
November 1957 to May 1958S was 


SSSO6 Btu kWh 


Two-Furnace Reheat Type Steam 
Generator at River Rouge Station of 
Detroit Edison Company. G. | 
9 Heat Engng. 1959, 34 (Jan ais lee fh “Two water gages on all boilers 

= - 4 / operating at over 400 psi” says the 


rhe third unit at River Rouge sta < % 
tion is one of the largest in the world code. Here’s an example, in the 


and recently started operating. It municipal light and power plant of 
consists of a 2000 kib;h boiler and a | eS . Coffeyville, Kans., illustrating mod- 
s21.5 \I w turbogenerator rhe ern Reliance 900 psi equipment. 
boiler is of the two-furnace coal-fired, ie < 


«a 


CUE AS 


c 


4 
iS 


natural circulation type generating 
steam at 2450 psi and 1050/1000 F 
Each side of the unit has an identical 


Water column includes whistle 
alarm; is equipped with flat glass gage 
furnace, radiant superheater and boiler ; ' insert, periscope hoods to reflect image 
section, but one contains a convec through cat-walk opening to a floor- 
tion reheater and the other a convec ES Yet stand mirror below; and mercury lamp 
tion superheater. The radiant super ihe 4 illuminator for sharp, brilliant projec- 
heater forms the roof, front wall and =e Ye tion. The second gage, also of double- 
part of the side walls of the furnace ? : : r ? x 

window flat glass construction, is 
custom-made with tie-bar, for direct- 
to-drum installation. 


rhe flue gases pass the economizers, 
hot end rotary att preheaters, precipi 
tators, i.d. fans and cold end regenera 
tive preheaters before entering the 
stack at a temperature of 206 F. The Reliance builds for all pressures — brings you a complete line of 
24 intervane burners are arranged in boiler safety devices. The long record of efficient, dependable service — 
o “i sol 4 a each furnace ; further the extra margin of safety built into all Reliance Equipment — assures 
t urners undern th ar for the tiring . ° : 

a5 cprneahoingn 6 long life and low maintenance. Check with your consultants or ask for 
of blast furnace gas. Superheated . 
° nearest Reliance Representative address. 
steam temperature regulation is by 
control condensers the reheated 


steam temperature is controlled by the The Reliance Gauge Column Company 
Cone oF Seng 5902 Carnegie Avenue ° Cleveland 3, Ohio 


Initial Operating Experience with 88 
Pio 


Monotube Once-Through Boiler at vy 
Subcritical Pressure. J. D. William ® @ BOILER SAFETY DEVICES aN 
son A.S.M.E Preprint No. 58-A-286 
1958 (Dec.) 8 pp 

Operating experiences and difficul 7 Q 
ties encountered during the three 95 
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AT LAST! 


A HARD, SMOOTH, WHITE 


ONE COAT 


(NO ROUGHING COAT NEEDED) 


FINISH INSULATION 
that 


@ RESISTS MOISTURE AND STEAM 
@ DOESN’T SHRINK, CRACK OR PEEL 
@ IS EFFICIENT UP TO 1700°F. 


@ STICKS STRONGLY TO OVERHEAD, 
CURVED AND VERTICAL SURFACES 


@e HAS DOUBLE THE COVERAGE OF 
ASBESTOS CEMENT 


SUPER FINISH 


Stic Tite 


INSULATING CEMENT 


Try Super Finish Stic-Tite at our 
expense. Write on your letter- 
head for a 25-lb. bag. 


Large insulated duct finished smooth with Super Finish Stic-Tite. 


REFRACTORY & INSULATION CORP. 


REFRACTORY BONDING AND CASTABLE CEMENTS 
INSULATING BLOCK. BLANKETS AND CEMENTS 


124 Wall Street + New York 5, N. Y. 


months of operation of the first of two 
subcritical monotube boilers at the 
F.M. Tait power station (see also 
abstract 2896, 1958) are reported 
These relate to 1. Air ingress into the 
control fluid system; 2. Sticky valves 
3. Deaerator damage +. Condenser 
leakage; 5. Evaporating tube failures 
6. Uneven distribution to evaporating 
tube sections; 7. Pre-operation clean 
ing of boiler with concentrated citric 
acid; &. Feedwater requirements and 
actual data (total dissolved solids, pH 
control, dissolved oxygen, silica and 
iron) 


TVA—Coal Power. W. Bradbury 
Coal Utilization 1959, 13 (Mar.) 18-26 

\ review is presented of the ca 
pacity installed in the 8 large steam 
power stations of the TVA system, the 
size of boilers, steam pressures and 
temperatures, coal consumption of 
each station, sources of coal supply 
coal handling plants at each station 
rates and revenues 


Electric Power from Low Quality Coal 
and Wash Water. R. Haenisch 
Energie and Tech. 1959, 11 Jan.) 

10 (In German) 

Wolfersheim power station’ has 
been built to utilize lowgrade brown 
coal from the neighboring open-cast 
mines The brown coal has a high 
ash and moisture content so that its 
iN averages only 1500 keal kg 
rhe power station contains two units 
each consisting of a Benson boiler 
generating sieam at 145 ati and 530 C 
with reheat to 470 C and a 30 Mw 
turbogenerator The brown coal 1s 
dried in the feed chute to the mill (4 
per boiler) by flue gases at a lt mpera 
ture of 900 C and injected tangentially 
at each corner of the furnace with air 
preheated to 350 C Fly ash ts sepa 
rated in electrostatic precipitators 
Feed-water is preheated by steam 
from a pond formed in an old mine 
on its return it drives a 305 kW turbo 
generator to recover some of the power 
expended in the circulating pumps 
rhe actual net heat rate 1s 2800 keal 
kWh In the Ruhr region the huge 
masses of sewage sludge are now being 
converted to useful raw materials \ 
sludge drying and preparation plant 
divides it into one part of high iron 
content and one pari of high C.\ 
1400 keal/ kg) content to bé used as 
fuelin brick works and boiler furnaces 


Combustion and Bio-Oxidation Com- 
bined in Waste Plant at Chemstrand. 
D. T. Laura Pwr. Eneng. 1959, 63 
Apr.) 80-2 

The waste from the nylon produc 
ing plant at Pensacola, Florida, is 
divided into three categories rhe 
concentrated waste is burned together 


with natural gas in the power plant to 
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generate heat, a second stream is dis 
posed of in an incinerator by burning, 
using natural gas as auxiliary fuel, and 
the third stream is brought to boiling 
in an evaporator by submerged com 
bustion of gas and the vapors pass toa 
chimne\ The effluent from sub 
merged combustion is mixed with raw 
process waste, neutralized, mixed with 
river water, treated with bio-oxida 
tion effluent, active sludge organisms 
and air in a tank for a detention time 
of 12 h Clarified effluent is further 
treated before discharge to the river 
[his treatment has successfully pre 
vented pollution of the Escambi River 


Steam Plant for Nuclear Power Sta- 
tions. ] R Finniecome Vech 
Wrid. 1959, 139 (pt 158-62 

Chis last part compares the auxilt 
ary turbines, gas circulators and their 
drives and capital costs ol gas cooled 
graphite moderated nuclear power 
stations as a function of their net elec 
trical output. 


Materials and Manufacturing 
Processes 


High Temperature Oxidation of Chro- 
mium-Nickel Steels. D. Caplan and 
M. Cohen. Corrosion 1959, 15 (Mar.) 
o7-62 

rhe sealing effect of dry and moist 
air on 4 types of stainless steel at 
temperatures up to 2000 F was 
studied. After an initial period of 
protection by a thin film of Cr formed 
during treatment prior to the tests 
the oxidation curves show breaks 
indicating periods of rapid oxidation 
due to the disruption of the protective 
scale Accumulation of silica at the 
metal-scale interface contributes to 
this disruption. Moisture in the air 
was found to increase the scaling rate 
of Ni-Cr steels 


Oak Ridge Report on Graphitization 
in H-P Steam Lines. C. H. Mahoney 
and W. S. Dritt Pwr. Engng. 1959, 
63 ( Mar.) 68—9 

rhe power station at the Oak Ridge 
gaseous diffusion plant contains three 
boilers rated at 750 klb/h at 1525 
psi and 935 F connected to a common 
steam header After 13 vears of 
operation serious graphitization was 
detecied in the carbon-molybdenum 
forged steel reducers Although re 
pairs would have been possible it 
was considered more economical to 
replace all affected parts by Il1'/, 
Cr-0.5 per cent Mo steel 


Graphitization Failures in Piping. 
J. B. Nuchols and J. R. McGuffey 
A.S.M.E. Preprint No. 58-A-56 1958 
Dec.) 3 pp 

his discusses the graphitization 
problem experienced in the pipelines 
of the boiler plant at Oak Ridge 
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Highest Standard in Boiler 
and Pressure Tubing 


Every length of Standard Boiler and 

Pressure Tubing is tested at pressures 

far beyond code requirements and 

can be readily bent or otherwise 
ww fabricated. 


NOW Standard’s electric weld boiler tubing is available in much 
heavier wall thickness than has heretofore been produced. Thus, this 
extremely uniform tube can be used for still higher pressures. 

Wall thicknesses up to .220” minimum wall in 2” outside diameter 
and smaller can be supplied. This will permit allowable pressures well 
above 2,500 lbs. for tubes expended into headers or drums or for 
tubes absorbing heat in water tube units. Larger diameters can be 
supplied up to .280” minimum wall. 

The smooth surface and uniform wall help to reduce thermal 
stresses and permit better control of rolling tubes into headers or drums. 

No where will you find any more modern -~———— 
and complete facilities for precision manu- FREE 
facture and inspection of Boiler and Pres- | 8-page folder on 
sure Tubing than you'll find at Standard. | = | all Standard prod- 

For complete information on all | ‘\W¥ x=] ucts. Write address 
Standard products and services send for qq Samana below. 
free 8-page folder today. BR. 


STANDARD 


THE STANDARD TUBE COMPANY and MICHIGAN STEEL TUBE PRODUCTS DIVISION 
24400 Plymouth Road + Detroit 39, Michigan 


Welded stainless tubing and pipe « Welded carbon steel mechanical « Boiler and Heat Exchanger 
Exclusive rigidized patterns « Special Shapes « Steel Tubing—Sizes: /:” OD to 6" OD—.028 to .270 wall 
Stainless—Sizes: 4%" OD to 4%"OD—.020 to .187 wali. 
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More International Trouble 


Industrial water problems know no geographical boundaries. They 
are as prevalent and troublesome in Europe and Asia as they are in 
North or South America. And, no matter where they arise, they require 
expert handling. This is why calls for Hall Laboratories services come 
from all over the world. Hall engineers are able to solve some of the 
problems by correspondence, but travel halfway around the world to 


tackle others on the spot. 


The problems themselves are no different because they occur in 
Saudi Arabia or Chile. Each offers its unique combination of factors, 
and the Hall engineer uses his training and experience to decide what 
is significant and what practical steps must be taken. 


Power for India 


Water conditioning for a 150- 
megawatt power station in India was 
started more than five years ago and 
successfully controlled entirely 
through correspondence. 

When the high-pressure unit was 
ready for operation, Hall engineers 
had already set up a complete pro- 
gram of water and steam condition- 
ing to avoid water-connected trouble 
in any part of the station. They 
established the chemical conditions 
to be maintained in water through- 
out the plant. They specified the 
analytical procedures and equipment 
required for control, the necessary 
conditioning chemicals and how to 
feed them. They outlined in detail the 
mechanics of operating the clarifying 
and zeolite softening equipment for 
treating evaporator feedwater. 

The operators carried out the pro- 
gram to the letter. Progress was 
followed through water conditioning 
reports and analysis of water sam- 
ples submitted on a fixed schedule. 

One problem did occur. Scale com- 
posed of mica and iron oxide was 


found in several water wall tubes of 


one boiler the first time it was in- 
spected. Investigation revealed that 
the mica came from mud which got 
into the tubes before they were in- 
stalled. Furthermore, these tubes 
had been damaged in transit; repair 
by welding and heating with blow 
lamps produced some iron oxide. 
The general superintendent of the 
plant wrote to Hall Laboratories, “I 
wish to take this opportunity to 
thank you for the valuable help you 
have rendered us during the initial 
operation of this power station.” 


Costly Boiler Outages 


Deposits caused numerous annoy- 
ing and costly tube failures in the 
625-psig boilers generating steam for 
power and process at an oil company 
installation in Arabia. Analysis 
showed the deposits to be composed 
principally of iron oxide but to con- 
tain significant amounts of magne- 
sium phosphate. 

Hall engineer A. M. Henricks 
made a complete survey of the plant. 
He established the source of the iron 
oxide to be corrosion in the conden- 
sate system. He recommended the 
use of a filming amine (Hagafilm®). 
This effectively reduced accumula- 
tion of iron oxide in the boilers. Test 
specimens showed a reduction in 
corrosion rate of about 90%. 

The magnesium was traced to 
evaporator carryover. Changes in 
internal baffling and increased blow- 
down to hold evaporator water solids 
at a lower level effectively reduced 
the carryover. 

Five years have passed. Boiler 
deposits are not a problem and tube 
failures no longer occur. 


Superheater Tube Corrosion 


Operators of a utility plant in 
Jamaica were surprised to find active 
pitting in the inlet and outlet super- 
heater headers of a boiler which had 
been in service for several years. 
Their surprise was natural because 
recommended water conditions had 
been continuously maintained both 
when the boiler was operating and 
when it was idle. 

The nature and location of the 


NUMBER 4 


corrosion convinced the Hall engi- 
neer assigned to the job that the 
pitting had occurred when the boiler 
was idle. He discovered that when 
the boiler was prepared for wet 
standby, the water was properly 
treated but the superheater was not 
completely filled. This left the super- 
heater headers full of moist air—an 
ideal condition for corrosion. 

The headers were thoroughly 
cleaned and changes were made to 
insure complete filling during idle 
periods. After more than two years 
there has been no further attack. 


Globe Trotters 


Hall service is available through 
thirty-five local offices in the United 
States, Mexico and Canada. Con- 
sultation and service on water prob- 
lems take Hall engineers to many 
other parts of the globe. Regular 
trips are made to Colombia, Vene- 
zuela, Haiti, Dominican Republic, 
Puerto Rico, Jamaica, Newfound- 
land and Cuba. Occasional visits are 
made to such faraway places as 
Saudi Arabia, England, Italy and 
Pakistan. And plants in some other 
countries like Chile, Argentina, 
Brazil, France and India have been 
successfully helped with their water 
problems by correspondence only. 

Let us know if we can help you 
make water behave properly in your 
foreign installations. 


Water is your industry’s most im- 
portant raw material. Use it wisely. 


Industrial Water Problems 
Require Special Handling 


There are no “stock answers’’ to 
industrial water problems. For in- 
formation on how the Hall System 
can help you solve your particular 
water problems, write, wire or call 
address below. 


HALL LABORATORIES 


DIVISION OF HAGAN CHEM S & CONTROLS, INC. 


HAGAN BUILDING, PITTSBURGH SO, PA. 
in Canada: Hagan Corporation (Canada) Limited, Toronte 


Hall Laboratories —Consultants on Procurement, Treatment, Use and Disposal of Industrial Water 


July 1999—-C OMBUSTION 





With the installation of new production 
and testing equipment, The American 
Brass Company now offers the most 
complete service available to users of 
condenser and heat exchanger tubes. 

Long lengths. 
construction, 


To gain advantages in 
processing, or installa- 
tion, designers can lengthen equipment 
considerably | ube S Can now be drawn 
up to 100 feet. Most of the longer tubes 
are required as U-bends, but in some 
instances may be shipped as straight 
lengths 

U-bends. Tubes from *.” O.D. to 14” 
O.D. with wall thicknesses from .049” 
(ISBWG) to .134 LOBWG) can be 
bent on a radius of from 114 times the 
tube O.D. to 30 

Dual Gage. Where high temperatures 
and pressures are involved, it may be 
desirable to thicken the tube wall in 
the area of short-radius bends on 
U-bend tubes. Walls are thickened one 
Stubs’ Gage No. to compensate for 
thinning of metal in the bending 
Thickened Tube Ends. To compensate 
for thinning by rolling or by impinge- 
ment corrosion caused bv high veloci- 
ties, tubes may be supplied with the 
wall thickened at one end one or more 
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New tube mill equipment gives designer of heat-transfer units 
freer hand in meeting new trends 


GENERAL VIEW of new American Brass Company equipment which can draw copper and 


copper alloy tubes in lengths up to 100 feet. 


Stubs’ Gage Nos. The extra thickness 
may be on the outside or inside of the 
tube as required. 

Relieving Stresses. All U-bend tubes, 
other than copper, are annealed at the 
bend area after bending, to eliminate 


BENDER CAN produce U-bend tubes with straight leg up to 50’ long. 
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the hazard of stress-corrosion cracking 
which might occur in service due to 
stresses that may exist as a result of 
the bending 
Testing. U-bends are tested hydrostati- 
cally at ASTM Specification pressures 
or at ASME Code pressures up to 
6000 psi on request, if the tube size 
will stand it. Electronic inspection with 
eddy-current equipment is available 
also, when required. 
Shipping. U-bend tubes are 
packed for ease in handling and storage 
Technical Assistance. For more detailed 


shipped 


information on extra-long tubes, U- 
bend, Dual-gage, or Duplex tubes to 
meet special problems address: The 
American Brass Company Buffalo 
Division, Buffalo 5, New York. In 
Canada: Anaconda American 
Limited. New Toronto. Ont 


ANACONDA’ 


TUBES AND PLATES FOR 
CONDENSERS AND HEAT EXCHANGERS 


Made by 
The American Brass Company 


Brass 








Specifies AIR for furnace and tube bank 


... another installation of Cooper-Bessemer 
compressors for soot blowing service 


On the banks of the Wabash, the new Breed Station of 
Indiana & Michigan Electric Company will stand out as 
a symbol of sound, far-sighted engineering. Designed by 
and built under supervision of the American Electric Power 
Service Corporation, this 450 megawatt steam generating 
station will embody the latest advances in power plant 
methods and equipment. Take furnace and tube bank 


cleaning for example... 


The Cyclone-fired furnace of this modern station will be 
cleaned by compressed air. Three 600 hp Cooper-Bessemer 
Type FM compressors will deliver a total of 6100 cfm for 


soot ble wing service 


One after another, power companies and their consultants 
are specifying this improved method of boiler cleaning as 
the solution to many problems. And for authoritative ad- 
vice and the latest in facilities, they are turning to Cooper- 
Bessemer. Soot blowing is one of the many fields in which 
Cooper-Bessemer is able to render an outstanding service, 


Write for complete details 


BRA NCH OFFICES: Grove City e New York e Chicago e 
Typical installatior Washington e San Francisco e Los Angeles e Houston e Dallas 


ny or ; for ret blowing st e sundo otatior e Odessa e Pampa e Greggton e Seattle e Tulsa St. Louis e 
o southern ahtorni auison ompany l un , . 
- : ; —* ansas City Mir 0] v le Shreveport 
rated 500 hp at 400 rpn Kansas Ci e Minneapolis e New Orleans e Shrevepor 
S UBSIDIA RIES: Cooper-Bessemer of Canada, Ltd 


e Calgary e Toronto 


Cooper-Bessemer International Corporation 


GENERAL OFFICES: MOUNT VERNON, OHIO 


Caracas e Mexico City 
ENGINES: GAS - DIESEL - GAS-DIESEL 


, / L 
COMPRESSORS: RECIPROCATING AND CENTRIFUGAL, 


ENGINE OR MOTOR DRIVEN 





cleaning at new Breed Stati 


ECONOMICS OF BOILER CLEANING 
WITH COMPRESSED AIR 


(Versus Steam) 


Pressure is always adequate to do clean, 
thorough job 

Better programming with air . . . gets better 
cleaning results for higher boiler efficiency. 
Lower cost for blowing medium .. . less 
waste 

No quenching action on hoi alloy tubes or 





Breed Station of 
pressure vessels Indiana & Michigan 
Less maintenance of blower equipment due ee Electric Company, lo- 

: cated in western Indi- 


to erosion, corrosion, packing wear. 

Improved housekeeping ... no steam or ; ana. Designers: Amer- 
condensate leakage. 3 ican Electric Power 
Greater over-all economy of blowing me- Service Corporation. 
dium on evaluated basis. 

Eliminates condensate makeup required 

when blowing with steam. 


DATA—Write for free copy of "Steam or Air: 
Which costs more for boiler cleaning?” 
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PneuBin is a complete, quiet system, designed to produce Green Fuel Economizer Com- 


flow by POSITIVE DISPLACEMENT of stubborn materials 
in concrete or metal storage bins and hoppers. 

Many leading industrial plants and public utilities have Hagan Chemicals & Controls, 
found PneuBin to be the answer to their coal-flow problems. 
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Takes rough-tough jobs 
im stricle «ADVANCED DESIGN DYNACURVE FAN 


In the Clarage tradition of heavy-duty con- 
struction, here is induced draft equipment 


offering numerous advantages: 


stream which is effectively directed to achieve 
low tip speed operation. 


Unique shape of blades and rims minimizes 


36 radially deep, aerodynamically curved shock losses and turbulence, helps extend high 


blades impart dynamic energy to the gas efficiency over wide performance range, as- 
sures low moment of inertia (WR*). 

\dvanced design of wheel and housing re- 
duces floor space and height requirements for 
low first cost, low installation cost. 

Special design and rugged construction of 
the wheel assures long service life and low 
maintenance cost. 

Learn more about this stand-out fan in the 
induced draft field. Request Catalog 905 cov- 


ering Clarage Type DN Dynacurve Fans. 


Dependable equipment for making air your servant 


CLA G NM COoOoMmMPAN Y 
Kalamazoo, Michigan 
SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Canada Fans, Ltd., 4285 Richelieu St., Montreal 
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84,000 Hours of Reliable Viewing 

















Be 


C OLD RELIABLE 











... that is the Story of Dependability 


Behind Diamond’s Television Camera Tube 


Nor is the Story Finished. 
The ORIGINAL TUBE, 
installed in 1949, is Still 
in DAILY OPERATION! 


At the Wood River Station of the Illinois Power Com- 
pany, Diamond's “Utiliscope” Television system has 
provided 100% available viewing since 1949. In this 
job, dependability is all important! Only Diamond 
builds the tube which makes this availability possible. 

The operator, in the control room, sees the boiler 
water level at the drum by viewing the Diamond 
monitor mounted in the control panei. Water level 


Diamond 


information is instantly and accurately available at 
all times from any viewing position in the control room. 

Routine maintenance is the only service required 
since installation. “Old Reliable” has a record of more 
than ten years of operation and is continuing to pro- 
vide reliable service. 

Such performance is not unusual for Diamond's 
“Utiliscope” equipment. This Heavy Duty Television is 
designed for industry. It is dependable, durable, re- 
sistant to time and difficult operating conditions. It is 
saving money and improving operation in power 
plants, steel mills, foundries, mines and a wide 
variety of manufacturing plants. 

Write us for a non-obligating survey of your plant 
by our industrial television specialists. Electronics Divi- 
sion, Diamond Power Specialty Corporation, Lancaster, 
Ohio. 


8310 


DIAMOND POWER SPECIALTY CORP. 
LANCASTER, OHIO Diamond Specialty Limited, Windsor, Ontario 





Still ANOTHER Cottrel/ Advancement By Western Precipitation... 


UNIQUE “*FULL-RANGE” RAPPER CONTROL 
PROVIDES ENTIRELY NEW STANDARDS 
OF VERSATILITY 


gitions to be 
ed set O aptable to effi- 


With so many variables to be compensated, unusually wide 
adjustability of the Rapper System has long been a prime 
objective for optimum operating efficiency. But complex fac- 
tors have prevented its attainment until development of 
Western Precipitation’s new ‘‘Full Range’’ Rapper Control. 


By simply adjusting a few dials, ‘‘Full Range”’ Control permits 
> ruc. FREQUENCY avvustment 


from a complete rapping cycle every 50 seconds to one every 
34% hours or any desired cycle in between! 


> ruct INTENSITY aovustmeENT 


from zero to maximum over an unusually wide range! 


> FULL PATTERN aouvustTment 
2. 4 of 8 impacts per cycle can be selected, with each cycle 
varying from light to heavy on successive impacts within the 
cycle — all automatically controlled to a choice of pre-selected 
operating limits! 


/ 
Free. NEW BROCHURE 


which describes and illustrates the new 
“Full Range” Rapper Control —the latest 
product of Western Precipitation’s pro 
gram of continuous advancement! 


WESTERN 





Other Important Advantages. 


Greater Safety: The “Full Range” Control has no 
dangerous high voltage circuits to endanger personnel. 
Entire unit is in “low-voltage” category. 

All “Passive"’ Design: There are no motors, gears, 


or other high maintenance components in the “Full 
Range” Control. It is completely electronic. 


Space-Saving Compactness: The “Full Range” 
Control requires about half the space of previous designs. 
Also is water and dust tight—can be located virtually 
anywhere. 


Unitized Circuitry: All related parts are unitized 
into separate “cans” for simplified maintenance. 


For quick assistance, call or 
wire collect our nearest office. 


PRECIPITATION 


COTTRELL Electrical Precipitators 
MULTICLONE Mechanica! Collectors 
CMP Combination Units 


Engineers and Constructors of Equipment tor Collection of Suspended Material from Gases 


CORPORATION 


and Equipment for the Process Industries 


DUALAIRE Jet-Cleaned Filters 
LOS ANGELES 54 - NEW YORK 17 + CHICAGO 2 - PITTSBURGH 22 + ATLANTA 5 + SAN FRANCISCO 4 


THERM-O-FLEX Hi-Temp Filters 


TURB OYLE Scrubber 
een ~~ oo s Representatives in all principal cities 
Precipitation Company of Canada Ltd., 8285 Mountain Sights Avenue, Montreal 9 


HI.TURBIANT Heaters 
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